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Appendix A

HYDROELECTRIC POWER

Al Historical Summary

Hydroelectric power was the force that started Japan on its
course from a feudal society and economy, only a century ago, to a
modernized industrial society. Once the prime energy source for
industrial transportation and commercial development, hydroelectric
energy has dropped from supplying approximately 80 percent of the
national power requirements in 1945 to less than 25 percent in 1973,
Hydroelectric development however continues to expand, but at a
far less spectacular rate than competing forms of electric power, pri-
marily thermal. Only nuclear power is developing at a slower rate,
but within the next few decades we expect to see this energy source pass

hydroelectric power as new large plants come online.

A.1.1 Background

Modern, industrial Japan began to emerge, not with the
celebrated Perry visit of 1858, but with the Meiji Restcration of 1868.
At that time, Japan was all but ""ready' to enter the industrial age,
and had essentially outgrown the feudal system that had existed for
the previous three millenia. Perry provided a catalyst to a process
already incipient, but the Emperor Meiji was the primary driving
force behind Japan's spectacular move into an industrialized society.
Meiji, having overthrown the Tokugawa Shogunate, moved the capital

from Imperial Kyoto to commercial Edo .Tokyo) and was highly
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receptive to inputs from all the industrialized nations of the world

that might help his country catch up with a thousand years of technolo -
gical isolation. England and the United States were the prime forces
in "Japan's Industrial Revolution, " and dispatched technical missions
not dissimilar to those sent to developing nations today. With respect
to electric power, this ""dual sponsorship' had one unfortunate recult.
English engineers were active in the planning and development of the
first metropolitan and regional svstems in the Kwanto (Tokyo and
environs) Plain, and introduced the British equipment and 5C cycle
service. In Kansai (Kyoto-Osaka-Kobe and environs), American
electrical engineers, aided in establishing 60 cycle service. This
difference has caused considerable economic and technical problems,
primarily in the establishment of a nation-wide power transfer grid,
and consequently in the capability of transferring the output from a
power -surplus region to an area of power shortages. This incompat-
ibility impacted severely upon early industrialization of Japan and led
to a large number of "captive' hydroelectric plants being constructed
by industry and later by the Japan National Railways, as they began
their electrification process. The 50/60 cycle zones still impede a
truly national grid, but have been partially linked by an elaborate
frequency conversion station at Sakuma in which 500, 000 (vDC) is
used as the conversion vector. However, in normal usage, Honshu is
divided in the Nagoya area, with 50 cycle service being used in the
north, including Tokyo and extending to Hokkaido, and 60 cycle service
used in the south, including the islands of Shikoku and Kyushu. The
Sakuma conversion station is used as a loading dispatch facility, and

not as a primary link for sustained periods of time. *

One advantage of 50/60 cycle pattern in Japan has been the manu-
facture of dual-cycle electrical equipment for domestic use and
subsequently for foreign consumption. Particularly in the area of
small appliances, the 50/60 cycle feature makes them equally
attractive to U.S. and European markets.
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In implementing hydroelectric projects initiated either
immediately prior to or during World War I, Japan demonstrated a
high level of competence in the development of advanced tecnnology
hydroelectric systems on the Home Islands (primarily Honshu),

Taiwan (the Sun-moon Lake Project), and particularly in Korea. The
geography of North Korea was particularly well suited for en-echelon
hydroelectric plants, and the Japanese engineers showed great technical
skill in extracting the last component of energy from falling water in a
series of massive developments, the best known of which is the
Changjin (Choshinko) system, site of the infamous US Marine "Chosin"
Reservoir Campaign' in the winter of 1951. Similar geography prevails
on the west coast of Japan, where water from the mountains is con-
ducted through tunnels into reservoirs, dropped many hundreds of

feet into high-energy Pelton turbines, thence, with greater volume

into two or more conventional Francis turbines downstream, and

finally through an aqueduct to a run-of-river plant using either Francis
or Kaplan (pro—eller) turbines. In such areas, by the time it reaches
sea level, one cubic meter of water typically passes through three

and sometimes as many as five hydroelectric plants.

Sites with such favorable geography are almost exhausted
however, and, particularly in older installations, there has been appre-
ciable silting associated with the 30 or more serious typhoons that have
swept the watersheds of these plants. However, until large-scale
thermal plants were constructed, primarily on (the east and southern
coasts of Japan, these large-scale hydroelectric developments provided
the mainstay of Japan's industrial development. Hydroelectric power

is still a significant element of Japan's electric power base,




A.1.2 Physical Geographic Factors

Japan has a monsoonal climate, with most of the precipitation
occurring in the spring and late summer months, during the onset of
the moisture-laden southwest monsoon. Frequent typhoons in the sum-
mer and fall also contribute to the hydrologic budg: ¢ of the country, and,
as a rule, floods are far more common than droaghts. The Japan Sea
Coast and Hokkaido are affected by the climate of Siberia during the
winter months when dry cold air traverses the Sea of Japan from the
North Asian Mainland and acquires considerable moisture in the pro-
cess. Upon encountering the mountainous Japanese Archipelego, much
of this moisture falls as snow, particularly in the mountainous areas
of central Japan, known as the Japan Alps and site of many of the major
hydroelectric developments of Honshu. The central mountains also
contain the headwaters cf the rivers that supply more than half of the
nationa! hydroeiectric capacity. The spring "'rainy season'" is caused
by a stationary polar front which brings heavy rains to the entire coun-
try and often cannot be contained by the catchments already full from
the spring thaw. The "hydrcelectric inventory' is used thiroughout the
typically dry summer untii replenished by inter:nittent iropical depres-
sions or lyphoons that again overload the catchment canpahilities. The
limited reservoirs result in often too little hydroelectric reserves dur-
ing the winter months. Floods are a continuing problem and the trend
therefore has been away from the original "mirimal capacity” dams to
larger storage and floac conirol dams, less dependent upon variations
in the climate. The dams have become larger and more complex; the

.Aydroelectric heads higher; and the generation capacities greater.

With one exception, the new large facilities either under con-
struction, planned, or being expanded are of the pumped storage type.
Pumped storage, discussed in greater detail below, obtains maximum

efficiency from such high-capacity installations. (1)

4




A2 Status of Hydroelectric Power in Japan

A.2.1 General Employment

Hydroelectric power in Japan, a primary source of energy
in the pre-Worid War II days and a major contributor to Japan's
Industrial Renaissance in the 1950s, has become a supplemental
power source in the 1970s (Figure A.1). By the early 1980s, less
than 4 percent of Japan's energy requirements will he satisfied by
this energy scurce. Geography has been the basic limiting factor.
Although hydroelectric power sources will continue to be developed,
albeit at a considzrably slower pace than the development of alterna-
tive sources of energy, limitations in such things as dam and power
plaiit siting, environmental impact, and possible scismic interactions

(including the hynothesis that some minor seismic activities have been

gensrated by hydroelectric water impoundments in seismically-unstable
) areas) have limited the future development of Japan's cnetime primary

enevrgy source,

New hydroelectric facilitics will be established: old facilities
will be modernized and upgraded; and it is doubtful that any of Janan's
installed hydroelectric capacity will be abandoned. But competing
energy sources, primarily oil-fueled thermal plants will continue to
assume an increasingly significant share of the electrical energy
demands of Japan (until overtaken by nuclear plants). The basic reason
for this development is primarily the increased efficiency of contem -

l porary large-capacity thermal power plants — an efficiency that cannot
be matched even by the most sophisticated hydroelectric developments.

i The use of multi-purpose irrigation and power installations, and the

advent of pump storage systems have kept hydroelectric systems a

i competitive and essential element of the overall national power system,

but they no longer dominate the system.
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The current position of the Japanese electric power industry
is ""thermal primary and hydro secondary.' Hydroelectric generation
will be sustained to carry peak ioads, particularly in summer. Since
the introduction of nuclear power (the first plant went on line in 1967),
thermal and nuclear have been used to carry the primary demand
loads and will be supplemented by new, sophisticated, but still
supplemental, hydroelectric developments.

A.2.2 Hydroelectric Power — 1972(2)

Hydroelectric power generation hac lessened in overall
significance in the context of the total power generation capabilities
of Japan, but is still a very significant part of Japan's present and
projected energy resources. In March 1971 hydroelectric power
represented 26 percent of Japan's installed generation assets and
was responsible for 22 percent of the annual electric power generation
for 1971, Much of this use, which will be continued, was in the
assumption of the ''peak load' function described earlier. From an
examination of Figure A.1 and other figures in this appendix, it
might be inferred that hydroelectric power is almost insignificant
and in the process of being phased out in favor of thermal and nuclear
generation. On the contrary, hydroelectric power still represents an
expanding energy asset of Japan; it is however expanding at a much

slower growth rate than thermal plants. Its growth rate, however,

exceeds that of nuclear plants, and only towards the end of the present

decade is nuclear power expected to surpass hydroelectric generation.(l)

In the past decade for example, a total of 9790 MW of new
hydroelectric generatiun capacity was added, representing approxi-
mately 20 percent of the nearly 50, 000 MW of generating capacity added
nationally. Nuclear plants began to come online in 1967 and by 1970
represented 2. 6 percent of the national capacity. (2)




, Figure A, 2 presents the new construction in power plants of
various categories together with the percentage of the power coming
online that year frou: the various sources. The extreme annual
fluctuations represent large-capacity units coming online at various
points in the decade, considerably altering the overall proportion of
new constructior completed (or partially completed with one component
or more being placed online) in any given year. Possibly a more

general overview of the significance of hydroelectric power in the

overall Japanese energy context is shown in Figure A .3 in which the
annual energy production for the same period is shown in megawatt
hours, based upon hydroelectric and thermal plants contributing to the
national energy grid. * Figure A. 3 incorporating both new construction
and hydroelectric plants fifty years old or more shows that hydroelec-

tricity still makes a substantial contribution to Japan's energy demands.

By the end of March 1972 there were nearly 1,600 hydroelectric
power plants operational in Japan. Most were small, run-of-river or
mountain units taking advantage of selected areas in which an exploitable
hydroelectric site could be established at remote mountain areas. New
construction has turned from the small local installations to large-scale
units in excess of 100 MW capacity.

With one exception, all hydroelectric construction planned
to 1980 will be of the pumped storage type, in keeping with the role of
hydroelectric power as a peak load buffer capacity. There are only

25 plants in operation with capacities in excess of 100 MW; nine
between 100 MW and 500 MW; and one in excess of 500 MW. Fifteen

E Three of the four Japanese Home Islands are interconnected in a
national power distribution grid that will be extended to Hokkaido .
in 1977, The Sakuma frequency-conversion station makes the 3
interconnection between 50/60 cycle zones feasible.
]
i
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of these 25 are conventional storag» and run-of-river plants. Most

of these units are elements of multipurpcse daras and reservoir
systems in which electric power generation is secondary to flood
control and irrigation requirements. With the exception of the
Kurboegawa #4 plant, a 258 MW installation using verti:al Pelton
turbines, all new construction and the bulk of the larger units (100 MW
and above) use Francis Turbines in areas of high to moderate head,

and Kaplan turbines at sites of high volume and low head.

Plans call for the construction of two plants in the 200-300 MW
range, four plants in excess of 500 MW and four plants in excess of
1, 000 MW. 2) These new units will be of the pumped storage type. With
a daily drawdown at the dam of 20 or 30 meters which exposes shore-
lines in an unesthetic fashion, the pumped storage plant has begun to
come under the attack by environmentally oriented groups of the Japan
population — as has been the case in the U.S. (3) The storage-only type
of hydroeiectric installation may achieve a moderate renaissance at

some sites, particularly those in the Japan Alps National Park. (3)

The MITI yolicy is of primary dependence upon thermal, and
eventually nuclear power, with hydroelectric installations serving as
peak period buffer capacity; this policy combined with requirements
for flood control and irrigation have directed almost all new hydro-
electric installations in Japan to be dual-purpose pumped storage
systems. Only one new ''storage only' hydroelectric installation is
planned for the next decade in the "large' (100 MW or larger) size

hydroelectric systems.

Japan built, as long ago as 1943, some of the world's most
advanced pumped storage systems in Korea. However, the geography

of North Korea permitted the construction of large reservoirs

11




"en echelon' on the high rolling plateaus and required only a small
investment in pumping equipment to refill the primary storage
reservoirs for their massive hydroelectric developments, Reversible
pump turbines, a later development, were not used at these installa-
tions. Some of the planned pump storage systems may not be built,

for environmental pressures are building up in Japan, as in the US,
opposing the esthetics of appearance of a large, essentiaily empty,
pumped storage reservoir whose level may have dropped as much as
100 feet in midsummer which leaves an exposed shoreline consisting
primarily of mud and dead vegetation. Both recreational and irrigation
aspects oi pumped storage reservoirs are minimal, and there is &
small ground-swell of opinion that the construction of several
installations, particularly in scenic areas such as the Chubu Samyaku
National Park, be halted. (A similar project was recently halted,

as the result of environmental pressure, in Thailand's Kao Yai

National Park, so the possibility cf such events cannot he overlooked. )(4)

Present plans for pumped storage hydroelectric installations
in Japan are shown in Table A.1. Uniess otnerwise indicated, all

are located on the main isiand of Honshu.

A.3 Futrre Prospects of Hydroelectric Power in Japan

A.3.1 Projections of Hydroelectric Construction

Hydroelectric nower has a significant place in future energy
forecasts for Japan, since il is a dedicated system, representing an
extensive inventory of equipment, and is essentially a non-transferable
energy asset - i, e., it produces only one product (electric power) and :

does not compete with other energy sources for use in non-energy areas

(e.g., oil for petrochemicals). In this respect, hydroelectric power is
parallel to nuclear power.

12




Table A.1. Pumped Storage Plants of Japan (250 MW ond larger)

j Installed Capacity Effective Commissioned
Mw Head (expected
Nome (Interim) (m) completion)**
lkehara (160) 120.5 1964
350 1966
Azumi (222) 135.7 1969
436 1970
Kisen-yama 466 220 1971
SUBTOTAL (1971) i,252
Shin-toyone 1,125 203 (1972-73)*
Okvutataragi 1,212 383.4 (1974-76)*
Nabara 620 294 (1975)
Ohira (Kyushu) 500 439.7 (1975)
Moasegawa #1 286 100.5 (1974)
Cku=-yoshino 603 506.5 (1976-77)*
Shin-tasegawa 1,280 229 (1977-78)*
Nurnappora 675 478 (1977-78)*
Oku-kiyotsu 1,000 469.75 (1978)
SUBTOTAL OF
PLANTS U/C 7,301
TOTAL PUMPED
STORAGE CAPACITY i
AVAILABLE BY 1978 8,553 !

- = o er

-

- - -

* Partial capacity (e.g., one ur more furbogenerator sets oniine) by first date;
full production available on second date.

**Head indicates required horsepower to oparate reversible turbines in pump
mcde. Horsepower to be drawn from thermal capacity or nuclear capacity in
post=1980 period during non-peak hours. Rate of fill us a function of horse=
power requirements not availab.e, in direct form, but by 1985 between 272
and 300 MW are estimated to be required as demands on the encrgy supply to
furnish pumping capabilities for the off-peak rafill of pumped storage

facilities.

~
Jource:

Reference 1
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Official forecasts (which have varied markedly since 1968)

have been made by the Ministry of International Trade and Industry
(MITI)(Z) and by various groups ir the private sector. MITI predicts
that hydroelectric capacity will increase 17,3 percent bhetween 1975

and 1985, with almost 70 percent of this increase occuring in the
1975-1980 period. The Institute for Energy Economics (IEE)(S) has a
more optimistic forecast that strangely inverts the timing and predicts
a 40. 8 percent increase in hydroelectric capacity over the same period,
with approximately 75 percent of the increase predicted for tho 1980-
1985 period. IEE obviously believes that new sites will be found a:d
that the drive for additional non-polluting energy will cause what

amounts to a renaissance in hydroelectric development,

The IEE position is shared by Prime Minister Tanaka who,
in his new book '"Building a New Japan, n(6) makes a strong case for
multipurpose dams primarily for flood control and domestic water
supply. Such impoundments, while not as efficient as hydroelectric
systems built solely for power generation, would provide a massive
potential for future hydroelectric development. The problems of
adequate irrigation and municipal drought are very real in Japan
(there have heen several severe water shortages in the past decades),
so the Prime Minister's point is well taken, However, his ambitious
plan for virtual ceconstruction of Japan and massive relocation of
existing transportation, industrial, supply, and distribution systems
is highly controversial; it may not be implemented in its proposed

form without serious political perturbations.

Under construction at the present time (1972 data) are 7301

MW of pumped storage hydroelectric plants, the last of which is
expected to be online in 1978. In the period 1964-1972, 3430 MW of




hydroelectric power of both pumped storage and standard storase
types were established. This continuing consiruction essentially
represents the final '"'wave'' of hydroelectric development in Japan,

as suitable sites for large-scale developments, (and generally 250
MW is considered the "floor" for construction of contemporary hydro-
electric plants) become more and more scarce. Thus by 1978 the
approximately 11,000 MW of new construction will represent the last

major hydroelectric investment by Japan for the foreseeable future.

Table A. 2 shows how hydroelectric power assumes an
increasingly minor role in the context of the totai energy requirements
of Japan.

Table A.2. Historical and Forecast Con‘ributions of Hydroelectric
Power to the Electric Power Energy Resources of Japan

Total Energy Hydroelectric Hydroelectric as
Supply Energy Supply Percent of
Year | (1012 kilocalories/ys) |(1012 kilocalories/yr) Total
1960 937 143 15.3
1970 3,105 196 6.3
1975 4,300 213 5.0
1980 6,250 235 3.8
1985 8,500 250 2.9

A.3.2 Peak Power Requirements Role of the Hydroelectric Power
Industry
Within the past decade, the electric power industry has
decided to place prime reliance upon thermal power (with an eventual
shift to nuclear power in the latter years of the century) and to use

hydroelectric power to handle peak load periods. Such peaks typically




come in the summer months as shown in Table A .3 and Figure A .4.

It may be noted that even in 1985 approximately 20 parcent of the peak
season power demand will be taken on by hydroelectric power stations,
primarily those cf the pumped storage type, described on the following
pages. Figure A.4, adapted from the document ""Prcblems of Energy

(2)

in Japan''"’ {in Japanese) and published by the Ministry of International
Trade and Industry, portrays electrical power usage during a "typical®
August day of 1985. Note that during the night hours, energy from
online nuclear and thermal systems supply energy to fill the storage
reservoirs of the hydroelectric pumped storage systems. Commercial,
industrial, and (by 1985) residential air-conditioning requirements
cause the greatest demand to occur in the early afternoon. MITI
estimates that in a ''peak demand day' in August 1985, between

272 x 105 MWhr and 313 x 105 MWhr will be required to fill the
massive pumped storage installations either under construction or
planned for Japan at that time. The concept of use of energy to

create energy reserves can only be accomplished by well-established
off-peak excess capacity. Thc required off-peak capacity, as shown

in Table A .3, can be provided by run-of-river hydroelectric plants

that will be online at all times; nuclear plants that will operate
continuously; and some thermal units, particularly large generators

and turbines that have long start-up and shut-down periods.

A.3.3 Summary and Conclusions

Hvdroelectric power will continue to maintain a significant
role in the overall energy resources of Japan. As shown in Table
A .4, the percentage of the national energy, and specifically the national
electrical energy supply contributed by hydroelectric power declines

and is forecast to decline dramatically throughout the next decade.

16
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Table A.4. Relationship of Hydroelectric Power to Total Electrical
Energy Supplies (1960 through 1985)

Total Electrical Hydroelectric Percent of Total
Energy Supply Energy Supply Electrical Energy
Year | (1012 kilocalories/yr) (10]2 kilocalories/yr) | Supplied by Hydro

1960 235 143 60.9
1970 721 196 27.2
1975 1,108 213 9.2
1980 1,665 235 14.1
1985 2,450 250 10.2

On the other hand, it may be noted that the forecast contribution of
hydroelectric power in 1980 is equivalent to the national total electri-
cal energy supply of 1960! Only if the most stringent constraints on
oil availability and use are combined with a massive hydroelectric
building program and a complete turning from environment constraints
(as well as potential seismic constraints) on the establishment of vast
new reservoirs, may hydroelectric power be expected to assume more
than approximately 10 percent of the national supply by 1985.

A final option, and one that is not considered likely at this
writing, is an extensive upgrading and rebuilding of obsolete and obso-~
lescent hydroelectric facilities. This option could involve the adoption
of advanced technology plants on old sites; enlarging of dam and
reservoir facilities; installing more modern turbines and generators;
and even clearing out silted intakes or reservoir pools. Such opera-
tions would be expensive and would probably only be undertaken if
other options either became economically unacceptable, or sufficient

alternative energy sources became unavailable. If Prime Minister

19




Tanaka's plan for construction of a large number of multi-purpose

flood control and water supply dams is implemented, the percentage
of hydroelectric contribution to national electrical energy assets may

increase slightly.

20
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Appendix B

JAPAN COAJ, BUDGET FOR 1971 WITH
DEMAND/CONSUMPTION PROJECTIONS TO THE YEAR 2000

B.1 Introduction

The purpose of this analysis of Japan's coal budget and allo-
cations for 1971, and the accompanying projections of coal require-
ments and consumption to the year 2000, is to show how coal is needed
and used in Japan, how it can be related to other energy sources and
resources of that country in terms of quantily and energy content for
both domestic and iriported coal, and how it may be expected to ful-
fill energy demands hetween now and the end of the 20th century.
Additional comments are offered on implications of Japanese require-
ments for the U.S. coal industry and on potential technological changes
or improvements relating to the role of coal in the production of energy.
This appendix is intended to summarize the classes of information
included under the various headings. It is not an analysis of the coal
industry, the economy of Japan, the desirability of technological changes,
nor world foreign exchange problems. Its intention is limited to pro-
viding perspective rather than complete topical evaluation.

The information presented in this brief is from two principal
sources: U.S. and Japanese. First is the National Coal Association,
Coal Building, Washington, D.C., and its many publications, chief
among them World Coal Trade, 1972 Edition, (7)

the hard data on exports and imports are available. Other NCS pam-

from which most of

phlets and brochures have also been used for background information,
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and it is here acknowledged that without these NCA data and ancillary
conversations with NCS officials this study would not be possible in its
present form. The second principal source is Energy in Japan, Quar-
terly Report No. 19, December 1972, ®) published by the Institute of
Energy Economics, Tokyo, Japan. This source contains detailed

breakdowns of energy demand and consumption in Japan, and is the
most comprehensive compendium seen of the internal characteristics
of Japan's energy systems. Some use also was made of parts of
Electric Power Industry in Japan 1972, published by Overseas Electri-
cal Industry Survey Institute, Inc. in Tokyo. (1)

The unit of energy used throughout this appendix is the kilogram-
calorie. One kologram-calorie (KCal) is the heat required to raise
the temperature of 1 kilogram of water from 20° to 21° Centigrade,
and is equal to approximately 3. 968 British thermal units (Btu). One
net (short) ton is 2000 pounds. One metric ton is 2204 pounds or 1000
kilograms. Average energy content of all Japanese coal is 6452 KCal
per kilogram, (8) and all imported coal is 7700 KCal per kilogra:n. (9)

B.2 Data for 1971

B.2.1 Domestic Production

During the calendar year 1971 Jdapan produced the following
amounts and types of coals from within the home islands:(3)

° Cooking coal 13,520 x 103 tons (metric)
e  Coal for boiler use 19,414 x 10°

® Anthracite and natura! coal 498 x 103

Total 33,432 x 103 tons (metric)

22
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In addition, Japan produced 148 x 103 metric tons of lignite, which is
generally not considered by Japanese sources in demand and consump-
tion statistics. It is speculated that most or all of this lignite goes
toward the satisfaction of small consumer demand, such as househoid
heating and cooking, and public baths. Energy content of coals pro-
duced amounted to approximately 0.218 x 1015 kilocalories.

B.2.2 Imports

Throughout calendar year 1971 Japan imported coal from
many source countries(7) amounting in all to 51,709, 661 short tons
or 46,910, 228 metric tons, distributed as shown in Table B. 1.

Table B.1. Source Countries for Japan's Coal (net short tons)

Source Anthracite Bituminous Total

United States 10,537 20,364,963 20,375,500
Australia 18,287,168 18,287, 168
Canada 182,887 7,288,435 7,471,322
USSR 37,900 2,698,407 2,736,307
Poland 1,265,252 1,265,252
North Viet Nam 451,340 2,094 453,434
China (Mainland) 379,477 379,477
South Korea 355,504 355,504
South Africa 251,428 594 252,022
North Korea 75,032 75,032
Mozambique 45,239 45,239
India 4 12,182 12,186
Other Countries 1,212 6 1,218

E Grand Totals 1,745,321 49,964,339 51,709,661

fy

? (Equivalent tons metric) (1,583,329) { (45,326,899) | (46,910,228)

23



These data can be broken down further on the basis of suitability for
end use in Japan, such as direct coke manufacture and blending with
other coals for ~oking. Moreover, information on cost per net short
ton affords somv idea of the value of various categories of coal on the

world market.

The prime category, '"Heavy Coking Ccal, " is divided into
two classes: (a) ash content 8 percent or less, and (b) ash content
over 8 percent. Shown in Table B. 2 are the data on 1971 Japan imports

of these coals, in millions of short tons.

Table B.2. Heavy Coking Coals

Source Ash < 8% Ash > 8%
United States 16.1 2.2
Ac_irailia 2.7 9.1
Canada 1.3 5.0
Poland 1l
USSR 0.979 1.3
Totals 22.2 17.6
Average .
Value/Ton $26.09 $19.35

The remainder cf imported coals fell into the second category,
called "coals for coking, " with a similar division into classes depend-
ing upon ash content. Given in Table B. 3 are the data on 1971 Jap~n

imports of these coals, in millions of short tons.
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Table B.3. Coals for Coking

Source Ash < 8% -Ash > 8%
United States 1.9
Austrailia 6.6
Other i .2 _0.37
Totals 3.1 7.0
Average
Value/Ton $23.07 $16.57

The fact that the totals of the two tables above do not quite add up to
the total imported is due to severe rounding of totals in some cases,
and to diversion of minor quantities to non-coking uses. Total energy
contert of all imported coals amounted to approximately 0. 362-x 1015

kilocalories. Figure B.1 presents a detailed balance of coal supply
ard consumption for 1971.

B.2.3 Japanese Consumption

To the 33,432 x 103 metric tons of Japanese coal production,
and the 46,910 x 103 metric tons of imported coal, must be added two
minor increments from stockpile or from shipping bottoms in transit
— to equal the overall consumption of coal by Japan in 1971. Put in
tabular form, the weights and energy contents appear in Table B. 4.
From this foregoing array, and more particularly from calculations
pertormed on myriad data presented in Reference 3, it is clear that
aggreqated energy contents for Japanese and imported coals approxi-
mate the following mean values:
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° All Japanese Coal: 6462 x 103 kilocalories/ton metric
° All Imported Coal: 7700 x 10° kilocalories/ton metric

These mean values have been used as conversion factors for energy

calewlations throughout this appendix.

Table B.4. Overall Consumption of Coal by Japan

Quantity Energy Content
(103 metric tons) (107 kilocalories)

Japan production

1971 33,432

Japan “stockpile" 324

TOTAL 33,756 218,133

1971 Imports 46,910

"In-transit" 85

TOTAL 46,995 361,860
GRAND TOTAL 80,751 579,993

B.2.4 Allocations of Coal Consumption

Of the 80,751 x 103 metric tons of coal consumed in 1971
containing approximately 579, 993 x 1012 kilocalories, 21locations were
as shown in Table B.5. Noteworthy in these allocations is the fact
that the Japanese iron and steel industry alone consumed all imported
coal plus a quantity (8.6 million tons metric) of domestic coal second
only in size to the electric power industry. The total coal require-
ment, 55. 6 million tons metric, allocated to thé iron and steel indus-

try resulted in the production of 87,634 x 103 metric tons of steel
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Table B.5. Coal Consumption Allocations

Quantity Energy Content
Use (103 metric tons) (109 kilocalories)

Thermal power plants 15,273 98,694
Gas (household, etc.) 1,841 11,897
Heating (commercial) 1,725 11,147
National railway 460 2,973 |
Other 134 86¢:
Manufacturing

fron and steel 55,655 417,821 |

Cokes 2,194 14,178

Briquets 1,471 9,506

Ceramics 402 2,598

Chemical 256 1,654

Paper and pulp 260 1,680

Other 1,080 6,979

during 1971, down somewhat from 93,259 x 103 metric tons of steel
produced in 1970.

B.3 Projections to the Year 2000

B.3.1 Japan's Coal Demand

Japan's demand for coal (Figure B. 2) for the basc¢ case is
visualized as nearly tripling during the period 1971-2000, but decreas-
ing from 18. 24 percent of the total 1971 energy budget to something

on the order of 10 or 11 percent of total energy consumed in 2000. In

energy terms in the base case coal would increase from .58 x 1015

KCal in 1971 to approximately 1. 60 x 1015 KCal in 2000, measured

against a total energy demand of 4.3 x 1015 KCal in 1971 which is pro-

jected to 15.3 x 1015 KCal in 2000. In the base case, the shift in

28
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energy consumption to the household and residential sector and away
from the industrial sector will mean a decreasing reliance on coal as
a fraction of total energy consumption. Further, environmental con-
siderations will increasingly mitigate against unrestrained expansion
of coal-burning plants until new technologies of flue-gas desulphuriza-
tion can be utilized on a large scale, and nuclear power will also

replace coal as a source of base load electrical power.

Representative ailocations of coal energy to various consum-
ing sectors of the Japanese economy were developed for 1971, as shown
in Figure B.1. All values discussed below, in units of 1015 kilocalories,
are projections based upon the base case cverall coal demand projec-
tions as well as plausible and verifiable trends and relationships for
each of the individual consuming sectors. An iterative procedure was
employed in which the trends of each sector were considered in light

of Japanese projections, information developed in the course of the
current study, and overall coal supply estimates (domestic production
plus foreign imperts). The following considerations were used in allo-

cating coal to individual sectors.

Thermal Power Plants. Consistent with the phase-out of

coal-fired electric power generation that began around 1967, and the
concommitant emphacis on oil-fired plants, 1971 saw a low of 0. 0987
(1015 KCal) of coal utilized for thermal power, down from roughly
0.1695 in 1967. Although both economic recession and conversion to
oil affected the 1971 thermal power consumption, it is projected that
the requirement for coal will probably be 0.100 in 1975 as it peaks

out at approximately 0. 122 in both 1980 and 1985. Following this, as
existing equipment is replaced and new investment tends toward nuclear
power technology, coal requirements will taper off to about one-half

of the 1985 value or 0. 060 in the year 2000.

30




i . e

Transportation. Now going to the Japan National Railways

(JNR) in minor quantities, the 0.003 x 1015 KCal of coal utilized in
1971 will decrease to 0. 002 1n 1975, 0.001 in 1980, and to virtually
nil after that as existing equipment is scrapped, particularly shuttle
and yard steam locomotives burning coal. Some separate coal-fired
generator plants may still serve yards and spurs but will be phased

out as the national power grid is augmented.

Non-Energy Uses. Acutely sensitive to economic vicissitudes,

the use of coal as a hydrocarbon resource by the Japanese chemical
industry fell to 256 x 103 tons metric, or 0.0017 x 1015 KCal in energy
terms, from 801 x 103 tons metric in 1969, which may have marked
the culmination of a post-World War II cycle of expansion of productiv-
ity and marketing. By-product distillation of coal, besides coke,
ammonia, and coal gas, yields the so-called light and heavy oils (con-
taining benzene, toluene, xylene, solvent naptha, naphthalene, carbolic
acid, cresols, phenols, and pyridines to name a few) which in turn are
the chemical basis for much that civilization desires, including dyes,
explosives, fertilizers, insecticides, detergents, plastics, drugs,
pharmaceuticals, solvents, insulators, fire retardants, synthetic rub-
ber, refrigerants, and nylon, which is not to mention perfumes and
nail polish. Although competition is intense between the industrialized
countries, Japan will undoubtedly gain a substantial share of the busi-
ness of the presently emerging and underdeveloped countries, such
that requirements of 0. 002 (1015
1975 with a gradual increase to 0. 004 for the year 2000, bearing in

KCal equivalent) can be projected for

mind in every case that these data are for coal as raw material, not

an energy source. Some stockpiling of coal by the chemical industry

is assumed, influencing requirements for 5 to 10 years.




Iron and Steel. As a generalization, the production of one ton

of steel requires 2/3 ton of coal and 20 tons of water, but these con-
version factors may change substantially in the next decade or so.
Newer techniques of smelting involving greater efficiencies of oxygen
introduction and treatment can diminish the amount of coal or coke
necessary to the process. But if less coal per ton of steel is required,
the countervailing fact remains that Japan, already a major steel pro-
ducer, will probably provide the basic steel, both structural and fabri-
cated, in support of intense economic development in Asia and else-
where through the next several decades. Therefore, it is probable
that Japan will recover from its recession-associated 0.418 (1015 KCal)
of 1971 to 0.430 in 1975 (100 x 106 short tons of steel); 0.531 in 1980;
thence to 0. 666 in 1985, 0.900 in 1990, 1,121 in 1995, and culminating

in 1. 229 x 101° KCal in the year 2000.

Residential-Commercial. Coal is used for direct heating by

burning, and also the manufacture of gas to go directly into the mains
for heat, light, and cooking. This latter, the so-called ''coal gas, "

is not the same product contemplated by large-scale coal gasification,
now undergoing intensive research and development in the United States.
Instead, it is simply an oven gas resulting from baking or carboniza-
tion of coal. Projections must consider not only research progress
within the coal industry, but the role of petroleum gases, particularly
LNG (liquified natural gas) imports in an era of developing transport
technology. In 1971 coal allocations to ''gas, ' "heating, ' and "'other"
in combination amount to 0. 024 (1015 KCal), which will increase slightly
to 0. 026 in 1975, and then jump moderately to 0. 033 in 1980 as .Japan's

burgeoning population demands more gas for residential needs simul -

taneously with a requirement for coal for heating new building in new




cities. By 1985 0. 039 KCal will suffice, representing a slight diminish-
ing in the overall rate of increase. Following this, however, gasifica-
tion technology should be operating on a large enough scale in Japan to
accelerate the rate of increase in coal requirements to 0. 047 in 1990;

0. 056 in 1995; and 0. 067 in the year 2000.

Other Industrial. All other industrial uses of coal, amount-
ing to 0. 0353 x 1015 KCal (5. 46 x 106 tons metric) in 1971, which can
be expected to increase by a factor of 6 or 7 in the {nllowing three

decades. Japan's economic survival is recognized as being a matter
of importing commodities, processing them, and then selling manufac-
tured products at all levels of technological sophistication, from elec-
tronics down to charcoal briquets and ceramic brick, tile, and pipe.
New manufacturing capacity will accompany increases in population
and the formation of new settlements and transportation centers repre-
senting loci of new production facilities, particularly as Japan ser-
vices growing markets for low- and medium-technology products nec-

essary to the development of emerging countries. Coal requirements

will increase for industry (exclusive of chemicals and steel) to 0. 036 i
(10" KCal) in 1975; 0.06 in 1985; and then accelerate to 0.10 in |
1990; and 0.24 in the year 2000. !

B.3.2 Domestic Production
(8)

9.894 x 105 metric tons, are distributed primarily in Hokkaido, Kyusku,

Japan's coal resources, amounting to approximately

and northeast central Honshu, or in other words from one end of the
country to the other, requiring extended transportation (rail) networks
for shipment to centers of consumption. Coal seams ranging down to

0. 3 meters thick are inventoried as resources, but Japanese seams

L o o i G i e b L S L S
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are irregular in thickness and geometry because of relatively severe
geologic deformation and intrusion in many places by igneous rocks.
Consequently mining and productivity are at once difficult and a func-
tion of engineering skill, a condition that will intensify as demands
increase on the domestic supply of coal. After 1985, however, a
transfer of technology from the Uniled States could afford something
mere than a dousing of production, Figure B. 3, as ways are found to
combine U.S. high-speed mining techniques with methods for over-
coming undependable floor and roof conditions, spalling prcblems, and
irregular seam geometry. Moreover, various augering and boring
systems will be applied to seams too thin to enter. Thus Japanese
coal production, at an average of 6462 KCal/kilogram, will change
only slightly from 0.218 x 1015 KCal in 1971 to 0.24 in 1985, but over
the next 15 vears from 1985 to 2000 will more than double to 0.5 x 1015
KCal.

B.3.3 Imports

The difference between Japan's coal production and total coal
requirements will be met by increasing that country's rate of coal
importation from its present suppliers throughout the world, particu-
larly the United States, Australia, and increasingly, mainland China.
Using 7700 x 103 KCal/ton metric as the mean energy conteat of imported
coal, it is clear that imports will approximate the total energy content
and tonnages given in Table B. 6. No question exists but what these
import targets can be satisfied from world coal resources, and it is
safe to say that at prices (delivered) averaging very roughly at $20. 00
per net short ton, or $22. 00 per metric tcn, at 1971 monetary values,
any number of countries will be happy to s:ll coal to Japan in order to

earn international exchange credits vis-a-vis Japan, whose exports have

e i i s bl st
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Table B.6. Coal Import Projection

Quantity Energy Content
Year (106 metric tons) (10]5 kilocalories)

1971 47 0.362
1975 48 0.367
1980 65 0.500
1985 g4 0.650
1990 110 0.850
1995 130 1.000
2000 143 1.100

been welcome. For example, more than $1 billion (ir 1971 dollars)
worth of ccal will be needed in 1975 alone. It should be emphasized,
hcwever, that these prices represent delivered coal in Japan, and

these include an increment of cost, and profit, accruing to the Japa-
nese shipping industry as it transports coal in Japanese bottoms, or

colliers.

All the above discussions have been made assuming the base

case projection of energy demand. In the low case, requirements for

coal would be reduced somewhat, and in particular the incentive to

increase production of low grade domestic coal would be greatly reduced.

As a consequence domestic production would increase only slightly

through year 2000 and coai imports would be only about 20 percent

lower than in the base case. In the high demand case the centinued

industrial growth will require substantially larger amounts of coal

than in ike base case, as shown in Figure B.4. By year 2000 the
demand for imported coal in the high case would be 2.6 x 101 KCsl
or 338 x 106 metric tons of coal a year. Tkhis amount is not enough

to threaten world coal reserves, but it would represent a 7.5 billion

dollar a year business at today's prices.
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B.3.4 Implications for the U.S. Coal Industry

As the world's largest coal exporter, the U.S. has a very
heavily vested interest in protecting its markets, based upon invest-
ment in mine-openings, min: equipment and technology, payrolls,
transport facilities, and marine terminals aid transshipment points.
In that the United States has ‘he world's most extensive coal reserves,
2. 4 trillion tons at depths of 3000 feet or less, and is the world's
greatest coal producer, 555.5 million short tons (504 mitlion tons
metric) in 1971, it wou'd seem that the rising Japanese coal demand
represents very favorable possibilities both for the U.S. coal industry
itself and, more generally, for the U.S. balance of payments situation
with Japan. It should be noted as well that Japan's swelling coal
requirements between now and 2000 represent a prime marketing tar-
get for the United States, provided the world economy remains reason-
ably healthy and Japan continues to produce steel. As Japan's imports
increase, the U.S. can strive for a growing proportica of the total coal
needed based not only on resources and existing facilities, but on the
relative financial and technical ease with which deliveries can be
expanded. This is to say that capital flexibility is still one of the great
strengths of the United States, quite disproportionately to the positions
of the USSR and China as other eligible, and presumably interested,
suppliers. Australia, now the chief competiticn to the U.S. in coal
exports to Japan, is finding growing markets in Europe and South
America, and probably will not be able to match the U.S. in consump-
tion of Japanese products. Japan has political reasons for building
reciprocal trading arrangement with both China and the USSR, and
compelling economic reasons for consolidating its position with the
U.S. so as to satisfy trade needs in both directions. Australia is

slightly less important to Japan on the basis of pure politices as well
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as pure economics, but itself has great capital flexibility, similar to
the United States.

Based on all of the foregoing, it would appear that the U.S.
might aim for long-term contracts building toward 100 miliion metric
tons per year in 2000 for Japan alone, from the 18.5 million tons metric
in 1971, based upon: (a) splendid resources; (b) a very sophisticated
extractive technology; and (c) capital flexibility and availability. From
1975 to 2000 approximately 1.5 billion tons metric of U.S. coal could
be sold to Jupan at perhaps $30 billions net of today's dollars, provided

the U.S. remains competitive in the world coal market,

B.4 Potential Technological Improvemenis

B.4.1 High-Speed Mining

U.S. leadership in world coal production and trade is based
not only upon a large supply but upon very favorable geology. U.S.
coal seams are relatively thick, generally nearly horizontal, and at
shallow depths compared to much or most foreign coal. Furthermore,
large quantities of coal are a short distance from Atlantic ports and/
or easily accessible to Gulf Coast ports. With competent floor and
roof conditions, U.S. seams have been mined by machine methods of
increasing speed, technology, and managerial sophistication. Indeed,
operations research as a management too) appeared in the U.S. min-
ing industry more or less concommitantly with ils appearance in the
U.S. Department of Defense after World War II. Results in terms of
coal production efficiency have been impressive, particularly the unit-
shift method of combining men, machinery, maintenance, and time at
the working face in such a way as to maximize extraction by carefully

planned cycles of cutting, drilling, blasting, and loading using very

sophisticated heavy equipment.
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Some of this technology is directly transferable to Japan

where her coal seams are sufficiently thick, horizontal, and enclosed

in adequate floor and roof. Mostly, though, U.S. high-speed mining
methods are not readily adaptable to Japanese coal seams. Instead,
however, U.S. technological capability, mining doctrine, and attitudes
can be transferred. Redesigned heavy equioment, new loading and

belt systems, increased use of heavy augering techniques, and specially
designed boring or continuous mining machines with self-contained con-
veyer systems will all contribute to enhanced extractive efficiency

from thinner, irregular, and geologically distorted Japanese coal seams.
Moreover, such changes will not only decrease labor requirements

and increase productivity per man, but will afford tke mining of seams
without human entry which are now too dangeious to attempt by cur-

rent, labor-intensive methods.

Finally, it should be noted that in the United States it requires
about 12 kilowatt hours(g) to mine a ton of coal by current methods.
Assuming approximately 35 percent efficiency, this translates into
32,516 KCal/metric ton, which would mean for Japan that a little more
than 5 kilograms of coal per ton would be consumed in order to pro-
vide the electricity to mine with a technology coraparable to that of the
U.S. Although this is not much at first glance, it would amount to
5.5 x 1012 KCal in order to mine 0.5 x 101° KCal worth of coal in the

year 2000, or nearly 387, 000 tons to pay for the electricity.

B.4.2 Flue-Gas Desulphurization

A principal objection to the burning of so-called "steam"
coal in order to generate thermal power is air pollution caused by sul-

fur divxide (802) released by burning into the atmosphere. If a way
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is found to prevent this escape, then sulfur-containing (generally

3.5 percent) steam coal is not objectionable as fuel. Intensive research
is underway(lo) in many industrial laboratories to find methods of counter-
acting this problem, including various kinds of chemical processing,
additive injection, catalytic oxidation, and scrption on solid reagents.
In laboratory or bench-model studies, or even small-scale pilot-plant
investigations removal efficiencies are in the range from 70 to 90 per-
cent, but full-scale operation, and accompanying investment, are
required in order to understand true cost and amortization character-
istics. The Japanese themselves are working on the problem and have
gone beyond the pilot-plant stage in a process of injection of gaseous
ammonia to the hot flue gases containing 802 to form an end product

of ammonium sulfate suitable for agricultural use as a fertilizer.

All in all, there seems little doubt that flue-gas desulphuri-
zation on an industrial scale will ultimately occur, but at what cost
and efficiency for power plants of varying size, age, location, fuel,
and load pattern remains to be seen. Certainly the development of a
successful desulphurization technology could influence Japan's energy
production away from dependence on oil toward increased utilization

of coal.

B.4.3 Coal Gasification

For many years the idea of converting coal to usable, pipe-
line gas (900 to 1000 Btu/cu ft) has attracted attention from both indus-
try and the research community as a means of transforming huge known
coal deposits into the practical equivalent of natural gas by some rea-

)

sonably cheap process. Much research(11 has been accomplished in

order to demonstrate that such a conversion is possible on a small
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scale, but full-scale operations are well in the future as scme of the
more promising pilot projects are only being assembled now in the
1972-73 period. Inbrief, the gasification processes involve joining
hydrogen (H) from water (H20) with Carbon (C) from coal to form
methane (CH 4), a highly suitable gaseous product, all of which is
accomplished in an oxXygen environment in order to maintain high tem-
peratures as the oxygen combines exothermically with carbon to form
carbon monoxide (CO) or carbon dioxide (COZ) as by-products. As
neat as the chemistry may appear, the practical problems of perform-
ing such a transformation on a large scale go deeply into industrial
stoichiometry and process engineering, and involve other reagents
such as limestone or dolomite as well as coal and water. Probiems
of control of temperatures, reagent composition, thermodynamic varia-
tion, reactor-vessel design, desulfurization, catalytic reactivity, and
atmospheric emissions are all being worked out at pilot-plant level for
purposes of optimization of several competing systems jointly estab-
lished by the U.S. Department o Intericr Office of Coal Research and
various private-sector industriai companies. An overwhelming con-
sideration is the determination of costs, equipment deterioration,
amortization, and from all of these, the fundamental capital require-
ments and capital sources for such large-scale energy conversion.
Moreover, although the assumption prevails thai "'gas is good, "' fur-
ther systems studies of large-pipeline economics will necessarily have
to be periormed in the ""aited States for gas transmission and utiliza-

tion for the period 1980-2000.

At present, pilot operations on the order of 50 to {00 tons of
coal per day are starting up which are projected to produce 1 to 2 mil-
lion cubic feet/day of high-energy gas. After exhaustive pilot-plant
analyses and evaluations, planning for full-scale utilizatior. of coal

resourccs will be possible.
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There seems little doubt in mid-1973 of the ultimate success
of U.S. technology in coal gasification for pipeline transmission to
established gas utility companies, but it is too early to fix upon sche-
dules, deadlines, and target dates, other than to suggest fruition in
the 1980s. There is less question as to whether coal gasification will

become a reality than as to when.

Granting the energy requirementis of Japan through the end of
the century, and the cost/Lenefit awareness of the Japanese in operat-
ing their economy as one big consolidaterl national factory, there is no
question that large, dependable coal rescurces in the United States,
through a Japanese investment in coal gasification (either in the U.S.
or Japan) could contribute significantly toward offsetting an increasing

dependence on imported petroleum as a source of energy.
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Appendix C

JAPANESE PETROLEUM DEMAND AND RESOURCES

C.1 General Summary

A major factor in enabling Japan to make such a remarkable
posi-World War II economic recovery and to achieve the world's
highest rate of economic growth over the past 15 years has been stable
availability of and economically priced foreign oil. Oil made up about
one-third of Japan's primary energy supply in 1960 and rose to repre-
sent more than two-thirds of the primary energy supply in 1971; the
percentage has been estimated to reach 75 percent by 1975, and sig-
nificant declines in oil's percentage of the country's energy demand
budget are not expected until later in the century. Because 99 percent

of Japan's oil is iinported, Japan is the most susceptible nation in the

world tc economic distress and serious national problems in the event

of major disruptions in the international oil industry.

Throughout the period to the end of this century, Japan's prin-
cipal efforts with respect to oil will be to increase its security, con-
trol, and diversification of foreign il sources. In spite of a large and

continuingly aggressive program to secure control of a substantial por-

tion of its supplies, it is expected that within the period under study
Japan will continue to rely on the Middle East and on foreign oil com-
panies for most of its oil. The future, however, will see rapid growth
worldwide of Japanese financing and control of oil exploration, produc-

tion, and transportation operations.

Preceding page blank
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The chief sources of international conflicts that may be asso-

ciated with Japan's efforts are likely to involve conflicting territorial
claims in offshore oil basins in the Far East; economic competition
with the United States and Western Europe for oil reserves in the
Middle East; and possible conflicts arising as major international oil
companies are caught between restrictive nationalistic policies of the
oil exporting nations and a Japanese policy that might deny them a sub-

stantial portion of Japan's oil market.

C.2 Petroleum Consumption and Resources

C.2.1 Current Demand

An energy-balance base year of 1971, the most recent year
for which complete data were generally available, was adopted for this
study. The balance of supply and demand (consumption) of energy
derived from oil and oil products for calendar year 1971 is summarized
in Table C.1. Considering both the oil products consumed directly and
through secondary conversion in the form of electricity, about 45 per-
cent of the total energy consumed from oil went for industrial uses and
about 19 percent for household and commercial uses. The pattern of
consumption by specific petroleum products for 1971 is shown in Fig-
ures C.1and C. 2.

The distribution and consumption of petroleum products, as
reflected in official petroleum supply plans, is not expected to see any
abrupt changes in the near future. General trends to be expected, how-
ever, will be slight decreases in gaseline distillation and increases in
naptha and heavy fuel oil. Increased use of LPC: in automobiles is
expected to continue and to decrease the rate of growth of gasoline

demand in the near future.
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Table C.1. Japan: Supply and Consumption of Energy from Oil in FY 1971 *

101'5 kilocalories

Primary Energy Supply
Domestic crude oil 0.008 I
Impcrted crude oil 2.108
Imported oil products 0.24)
Carry over 0.213
' Total Supply 2.570
Consumption
Electrical generating plants 0.490
Utilities 0.134
Industrial use 0.619
, Transportation 0.354
E Resources 0.067
Household and commercial 0.276
Non=-energy and unaccounted 0.346
Total consumed 2.285
Exports and Carry Over
Total exports 0.128
Carry over 0.256
Subtotal 0.384
i Subtctal 2.669
Gain in refining -0.099
TOTAL 2,570

* Source: MITH, 1972. (Reference 2)
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The consumption of heavy fuel oil, which makes up 50 percent
of the total nil consumed in Japan in 1971, is showa in Figure C. 3.
(Because of rounding off by differing sources, chese totals do not agree
exactly with those in other figures. )

C.2.2 Relationship of Japan's Petroleum Consumption to World

Consumption

To measure the significance in the growth of Japan's energy
requirements that must be met by petroleum, the percentage of total
world consumption represented by Japan was computed for the past
decade of high economic growth (Table C.2). This table shows that
Japan's consumption of petroleum rose by a factor of 6.5 during the
period from 1960 to 1971: however, her percentage of total world
consumption during this period rose only by a factor of 3 (from 3 to
9 percent). This represents an average annual increase in Japan's

portion of world consumption of about 0.5 percent.

The base case energy projections develioped for this study and

(12)

Japan's share of total world consumption by the year 2000 would rise

the world projections of the U.S. Bureau of Mines, indicate that
to about 15 percent. This would represent an average annual rate of
increase of about 0.2 percent in Japan's portion of world consumption,

or a 2.5 times reduction of the rate during the period 1960-1971.

This suggests that in terms of world oil demands, Japan even
in the year 2000 will require cnly a modest increase in her share of
the world's petroleum supplies. Further, it suggests that at least on
the basis of world supplies and demand in the year 2000, Japan's
increased share of world oil can be accommodated by relatively slow,

gradual adjustments rather than by any dramatic changes in world pat-

terns, as long as Japan is willing to maintair relatively strong dependence
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Table C.2. Japan's Share of World Petroleum Consumntion,
1960-1971 and 2000

World Japan ] Percentage of World

Year | (106 kL) { (106 kL) Consumption
1960 | 1276.5 | 39.42 3
1961 1361.4

1962 1473.6 | 55.38 4
1963 1581.8 | 71.89 5
1964 1706.1 88.33 5
1965 1828.6 | 103.47 5
1966 1780.5 | 117.47 6
1967 2131.9 | 140.09 7
1968 2323.4 | 143.24 6
1969 2502.6 | 192.86 8
1970 2738.4 | 237.44 9
1971 2886.7 | 250.00 9
2000 i 6520.0 § 979.0 15

Source: Historic duta — IPE, 1972; USGS, 1973

on the traditicnal oil exporting areas for its supply and assuming that
total world demand can in fact be met.
case projections were met, Japan's share of total world oil demand

would increase to about 30 percent, which could drastically affect

(References

i3, 15)

Projections — BuMines, 1970; this study
(Reference 12)

world oil supply patterns.

C.2.3 Domestic Sources

Domestic oil sources were [irst exploited in Japan in 1867

and many small oil fields have since been discovered over the years
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(13)

(see Figure C. 4). Production is from many small wells, chiefly

in the Akita, Yumagata, and Niigata fields, the northwestern coastal
Honshu Island, the Azuma field in northern Hokkaido, and the Teshio
field of northein Hokkaido. The biggest field is offshore Honshu, dis-
covered in 1934 by dirzctional drilling from land, and from the 130
wells the annual production is orly about 135, 000 kiloliters. * Japanese

oil production has remained stable for many years (Table C. 3).

Table C.3. Japan: Annual Qii Production 1960-1971

Quantity Energy Equivalent
Year (106 KL) (1013 kilocalories)
1960 0.59 .0056
1961 0.82 . 0077
1962 0.82 .0077
1943 0.82 0377
1964 0.70 .0066
1965 0.82 .0077
1966 G.82 .0077
1967 0.82 .0077
1968 0.82 .0077
1969 0.82 .0077
1970 0.94 ~0088
1971 0.82 .0077

Souice: USGS, 1973 (Refeience 1%4)

* 1 kiloliter = 6. 3 barrels; 103 kiloliters /year = 17 barrels/day.
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Figure C.4. Japan: Cffshore Concessions and Domestic Qil Fields




Both onshore and offshore geologic, geophysica! and explora-
tory drilling operations are currently being carried out by Japanese
companies jointly with foreign companies as minority partners. The
distribution of concessions and exploratory wells for 1971 is shown in
Figure C. 4. (14) Total reserves are ¢stimated at about 4. 6 million
kiloliters giving a reserve/production ratio of about 5:1 (Table C. 4).
There is little indication that domestic supplies will ever make up more
than 0.5 percent of total energy needs; potential resources are esti-
mated to be in the 175 to 1750 million kiloliter range including large

(15)

offshore areas in the Sea of Japan.

Table C.4. Japan: Ratio of Oil Reserves to Production,
Selected Years, 1961-1971

Ratio of

Reserves Production Reserves o

Year (10° kL) (106 KL) Production
1961 7.697 0.624 12.3
1968 5.600 0.879 6.4
1969 4.300 0.862 5.0
1970 3.995 0.888 A5
1971 4.056 0.901 4.5

Scurce: JPI, 1972

C.2.4 Refinery Capacities

Domestic oil refineries in Japan are curreniy operating at
near capacitv. This capacity, based on the existing 42 refineries, is
given in Table C.5. Projections of increased crude oil use in Japan

confirm the need for large increases in capacity. Japan's Petroleum
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Table C.5. Japan: Oil Refining Capacity 1971

SRR 7 A s

Cepacity

Number Bbl/day 106 ki/yr 1013 keal/y:

Japan sea
coast 5 117,560 6.978 0.066

Pacific coost 35 3,956,800 234.876 2.208

Hokkaido area 2 35,000 2.078 0.020

42 4,109,360 243.932 2.293

Source: JPI, 1972.

Zouncil has recently set annual domestic refining capacity goals for
1975 at about 300 x 106 kiloliters. Assuming that about 90 percent of
Japan's crude oil imports will continue to be refined in domestic refin-

eries, this capacity will only barely meet the needs of that year.

Because the Japanese islands are chiefly mountainous and
contain little unused land suitable for large industrial complexes such
as refineries, any planned increase in domestic refinery capacity will
reguire the development of new siting strategies such as the use of |

reclaimed offshore land as well as use of more rugged, interior moun-

me el e

tainous areas. Refinery :ites in Japan are selected as part of a national

land use planning activity, carried out by the government.

There are few crude and oil product pipelines in Japan and 4
F this reflects the fact that oil censuming industries have limited loca- ‘

tions in the environmentally suitable areas near the coast. Movenient

of oil between such coastal areas is done chiefly by coastal tankers,




Long distance overland transport inland from ports relies heavily on
railways. Oil companies and oil transport companies operate more
than 7500 tank cars, many of which are 43-ton class. About a third of
inland oil movement is by tank trucks. Since the capacity of existing
railways is nearly fully used, there have been increasing numbers of
schemes to construct pipelines to carry both crude and oil products.
The industry in Japan is promoting a billion do}lar national pipeline
system paralleling existing railways. The first major oil products
line, announced in 1972 and scheduled for completion in late 1974, is
to run 170 miles from four refineries in the Tokyo Bay area to terminals
to the northwest;(le) construction will be through areas of extremely

high population density.

Japan is also promoting the construction of refineries in
Indonesia, Okinawa, and other Asian countries. This policy, result-
ing from the shortage of suitable domestic refinery sites and an attempt
to reduce air pollution in Japan, also reflects the desire of oil-producing
countries to receive tangible technological benefits from their oil trade
with Japan. Inthe future we can expect to see an increasing amount of

Japan's petroleum supplies being refined in foreign countries.

C.2.5 Imported Oil

Post-war econcmic growth of Japan demanded the ready avail-
ability of energy sources that could be met economically only by imported
crude oil. Financial agreemenis that were made with foreign oil com-
panies during this early period of post-war growth "tied" Japanese
ref.neries to foreign oil companies so that by 1971, 80 percent of for-
eign oil was being controlled by international oil companies in which

sapan lacked controlling interest. o) Further, the reliance on imports



as well as the geographic distribution of foreign sources parallelea
those of Western Europe (Table C. 6). The detailed distribution of
imports by country of origin in 197 1 is shown in Table C.7. The result
is that Japan is now the world's largest importer of crude oil: nearly
30 percent of the total world movements of crude oil in 1971 were
toward Japan, nearly half as much as the total toward all of Western
Europe (Table C.8). A comparison of oil movements from major

oil exporting regions to major importing regions shows the prime sig-

nificance of international oil movements to Japan.

| Table C.6. Domestic and Imported Sources of Qil for Major oil
Consuming Areas of the World, 1971

Jopan u.S. West Europe USSR

Source Q E % Q £ % Q £ of Q E

Domestic souices 0.8 { 0.008 1 567 [5.325 65 21 0.197 3 442 1 4.155 1 100
Imparts (net) 248 | 2.347 ¥ 99 310 f2.923 35 751 7.059) 97 - - -
Totals 249 | 2,357 §100 877 |8.248 § 100 772 7,256 100 442 1 4.155 100

MNOTE: Q = Quaentity in 168 KL; E = Energy Equivalent in 10'% kilocalaries

Sauice: IPE, 1772.

C.2.6 Imported Petroleum Products

Although imports of refined petroleum products have fluctuated
from year to year, the irend has been upward and is expected to con-
tinue to increase. Such increases, however, tend to be overshadowed
by the much larger increases in crude oil imports. Imported products,
chiefly heavy fuel oil and naptha (Table C. 9) come mainly from refin-

eries in the Middle East and to a lesser extent from the Far East.




Table C.7. Japan: Imports of Crude Oil by Country, 1971

Region and Quantity Energy Equivalent ;
Country (108 KL) (1019 kilocalories) % .1
|
Middle East Totalf 191.036 1.795 .85 ;
Abu Dhabi 15.190 0.143 07
Iran 96.423 0.906 .43
fraq 0.167 0.002 -
Kuwait 20.022 0.188 .09
Neutral Zone 20.696 0.195 .09
Aman 5.748 0.054 .03
Qatar 0.044 - &
Saudi Arabia 31.025 0.292 14
Others 1.721 0.015 .01 :
Far East Total 29.227 0.275 13
Brunei 2.759 0.026 .01
Indonesic 26.468 0.249 12
North America
— U.S. 0.162 0.162 0.002 0.002
South America
— Venezeula | 0.416 0.416 0.004 0.004
Africa 2.243 0.021 0.021 .01
Cabinda 1.239 0.012 01
Libya 0.435 0.004
Nigeria 0.569 0.005
USSR 0.461 0.461 0.005 0.005 . =
Tapped Crude 0.718 0.718 0.007 0.007
TOTAL 224,263 2.108 100

Source: JPI, 1972.
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Table C.9. Japan: Imports of Oil Products, 1971

Heavy Fuel Oil Naptha
Country (106 ki) (106 ki)

Bahrein 1.247 0.148
India - 0.358
Indanesia 3.141 0.243
Iran 1.921 0.315
Kuwait 0.820 1.899
Netherlands 0.222 -

Pakistan - 0.143
Phiiippines 0.453 -

Saudi Arabia 1.472 1.227
Singapare 2.120 0.389
Sauth Korea 0.091 0.129
South Yemen 0.735 0.037
United States 1.266 -

USSR 1.173 a

Venezuela 0.240 -

West Indies 0.514 -

Others 0.122 0.142
TOTALS 15.587 5.030

Saurce: JPI, 1972

Imported oil products in 1671 made up less than 10 percent
of Japan's total energy supply. This percentage is expected to grow
slowly during the rest of the century, although Institute of Energyv Eco-

(5)

Japan's total energy needs by 1985. The projected growth in foreign

nomics projections suggest that it may approach 25 percent of
refining operations reflects the increasing need for Japan to barter
techpvological and developmental assistance to foreign naticns in return

for favorable oil commuments.

[
Pt
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C.2.7 Japanese Government Policy

The central theme of Japanese government energy policy is
the security and economic availability of its oil supplies. Japanese
control of her oil supply and geographical diversification of her oil
sources have become major goals since 80 percent of Japan's oil sup-
plies are from non-Japanese controlled companies, and that more than
85 percent of Japan's crude oil is imported from a restricted geographic
area — the Middle East.

As a result of financial agreements made with the major inter-
nationa} oil companies during the period of high industrial expansion,
Japan became primarily dependent on the major international oil groups
and on American independents for its crude oil. These agreements
involved loans of nearly $800 million from foreign companies for plant
construction and expansion. Terms of these loan agreements require
Japan to purchase crude oil in large quantities from foreign oil com-
panies. Such purchases represent a departure from traditional Japa-
nese attitudes which are against large-scale foreign participation in the
country's essential industries; present Japanese government policy is

aimed at reducing these agreements.

The Japanese government is vigorously promoting the explora-
tion and development of foreign oil resources by companies in which
Japanese capital and control are predominant in order to free boti
crude oil supplies and marketing and refining operations from foreign
control. Interests of Japanese oil companies are fosterec through low-
interest loans, strong administrative guidance from the governmenc,
and elahorate regulations of foreign oil companies operating in Japan.
The fact that Japanese oil companies are exploring and/or producing

oil in more than a dozen countries of the werld results directly from




e

the government policy. By 1985, it is estimated(w) that Japanese com-
panies will be in as many as 45 foreign couatries and that 30 percent cf

Japan's oil needs will be supplied through companies in which Japanese
interest predominates,

C.3 Japan's Search for New Sources of Oil

In vigorous efforts to achieve gecographic and political decen-
tralization of energy supply sources, Japanese oil companies — com-~
monly in partnership with foreign state-owned companies — are carry-
ing out active oil development or exploration in more than a dozen
countries of the world. In additicn, Japan is actively negotiating with
a number of other countries which currently do not supply significant
amounts of oil to Japan.

Japan's current goal is to achieve control of 30 percent of its
foreign oil supply by 1685; it currently controis only about 20 percent
(Figure C.5). Because of the economics of oil exploration, the bulk
of Japanese controlled oil will continue to come from the Middle East
in 1985. Only during the latter part of the century are significant
changes expected in the overall patterns of oil movements to Japan.
By then, if Japan's plans and policies are successful, the greater part
of Japan's foreign oil sources will have shifted from the Middle East
to the Far East and other Asian sources, Japanese compiiies will
have a large share of the petroleum development and processing activ-
ities in many countries, and Japan is expected to achieve technological
prominence in such fields as deepwater petroleum exploration and pro-

duction and in pipelining and refining facilities for offshore oil fields.

Summaries of Japan's foreign oil activities are given below.
Their locations are shown in Figures C.6 and C. 7.
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C.3.1 Abu Dhabi

Abu Dhabi represents Japan's most successful effort to obtain

control of substantial foreign oil production. The Abu Dhabi Qil Com-
pany, a consortium of Japanese companies, made a major discovery
in 1969 in the Mubarras field offshore Abu Dhabi (Figure C. 8).
Reserves of this field are estiinated at about 300 million kiloliters and
production in 1972 had reached an annual rate of around three million
gl. ey Precduction is expected to double by 1975 and to eventually
reach 12 million kl per year. The company continues to make vigorous

geophysical and exploratory drilling efforts offshore.

C.3.2 Alaska

Ever since the initial discoveries of oil on Alaska's North
Slope (Figure C.9), Japan has shown great interest in the estimatec
nine billion barrel reserves. (19) A trans-Alaskan pipeline, terminat-
ing at a port in southern Alaska, would make North Slope oil readily
available for tanker shipment to Japan. The projected inability of the
U.S. West Coast to absorb all output from such a pipeline, has caused
Japan to frequently be cited as a logical market, at least temporarily,

(20)

for the excess oil;’ Japan has frequently expressed official interest
in obtaining some of this oil. The oil companies say that any shipments
to Japan weculd be small and only for a short time; critics of the trans-
Alaska pipeline, however, believe that Japan might be the market foi

o substantial amount of North Slope oil if the pipeline is constiucted. (21)
[n any case, legislation is currently perding before the U.S. Congress
that would pronibit the export of any Norih 3lope cil. It is not helieved
that the oil will reach any markets before the late 1970s. The Japanese

North 5lope Petroleum Company was formed in 1570 to carry out oil
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ALASKA

W

a. Alaskan Major Sedimentary Basins
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exploration in northern Alaska; this company has since abandoned all
efforts in Alaska.

Another Japanese firm, the Alaska Petroleum Development
Company, is in partrership witha U.S. oil company to carry out geo-
physical work in the Gulf of Alaska, which has substantial potential
resources of petroleum but is currently not opened to development or
drilling. Offshore leasing by the U.S. governn.ent in the near future
is uacertain; opposition to such leasing has been raised by the state
of Alaska. Should the trans-Alaska pipeline be constructed to a southern
Alaska port and should later exploration prove large reserves in the
Gulf of Alaska, U.S. oil companies may feel strong incentives to mar-
ket the excess oil to Japan. This, however, is not likely because of

the growing shortage of U.S. domestic oil sources which makes it

improbable that U.S. policy would permit the export of any domestic

L- oil.

C. 3.3 Australia

JAPEX Australia jointly bolds an oil concession in North-
western New Guinea (Figure C. 10) in which exploratory activity has

been carried out for the past two years. Protests by Australian envi-

| ronmental groups, however, has forced JAPEX to suspend exploratory

(22)

drilling and to search for new areas.

C.3.4 Canada

The development of the Athabaska lar sands in Alberta {Fig~

ure C.11) has figured prominently in Japan's plans to increase its diver-

(23}

sification of oil imports in the future.'”"’ The tar sands of Alberta

represent one of the world's two largest reserves of nonconventional
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oil deposits (deposits in which oil in its natural state is not recover-
abie by ordinary production methuds). Reserves are estimated to be
as large as those of U.S. oil shale deposits and may be the worid's
largest known oil reserve., Estimates range from 50 to 60 trillion

(24)

rivers of centrai Aiberta

Kiloliters. The deposits crop out along the Athabaska and other

(28)

lie a few hundred to a few thousanc feet heneath the surface. They con-

but in most places the oil bearing beds

sist chiefly of unconsolidated sands and silts that are saturated wita

highly viscous oil that makes up twe to 10 percent, by weight, of the
. (24)
total.

Although the tar sands have been known for many years, tech-
nical limitations and governmental restrictions have prevented large-
scale development. Research and development on recovery methods
have included strip mining of the shallower deposits; steam and hot
water flooding by well systems of deeper beds; and burning in place.

Currently one small plant is producing about 2. 67 million kiloliters of
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of crude oil by processing strip-mined sands. Increases in produc-
tion, which are expected to begiu in 1973, are based on strip mining
operations _rat}'iér than on any in situ recevery techniques. The provin-
cial government of Alberta has just begun to review economic and other
factors bearing oil long-range policy for the development of the tar

sands. (26)

Without considering environmental costs, several aspects of
exploration and development of the tar sands are much cheaper than
that for conventional oil fields. The deposits are well delineated and
their occurrence is 'so well understood that exploration costs are rela-
tively small. Further, tested recovery methods show an efficiency of
75 percent or more, far more than the 35 percent for recovery of oil
in conventional fields,

As evidence of their interest in Alberta tar sands as a poten-
tial source of imports, Japan sent a.mission to Alberta in April 1973
to discuss these sources. No agreements or negotiations have been
announced, and it is probable that Japan would face some formidable
North American environmental and economic concerns over develop-
ment of the tar sands. Because the tar sands represent a potential
future source of oil for the midwestern and eastern markets in the
United States, this country may take a dim view of any Canadian-
Japanese deal to export oil that could be readily pipelined to midcon-
tinent United States.

Similarly, Canada may be reluctant to face the environmental
problems associated with the production, transportation, and marine
shipment of tar-sand oil for the benefit of a foreign consumer. Xnvi-
ronmental problems already recognized include disposal of enormous

quantities of sand spoil generated by large-scale strip mining operations;
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the consumption and disposal of large amounts of hezt and water
involved in in situ recovery methods entailing hot water and steam
flooding; and the disposal of the high sulfu" content of the oil. Addi-
tional environmental and transportation provlems would be related to
pipelining the oil to the Puget Sound area and subsequent oil tanker
operations.

Although Japan openly considers Alberta tar sands as an impor -
tant potential source for futurc imports, the environmental, technical
and North American energy policy considerations make it an unlikely
source during this century. JAPEX Canda, the Japanese exploration
company, has also carried out geophysical surveys in Saskatchewun

and exploratory drilling in Alberta, but with no success.

C.3.5 China, Peoples Republic (PRC)

The Penples Republic of China is currently seif -sufficient in

(27)

lion kiloliters with proved reserves estimated at abcut 3000 million

domestic oil resourcnss. Oil production in 1971 was about 30 mil-

{
kiloliters, a ratio of production to reserves of 1:100. 5y

The Japancse, therefore, have recently been lookir: to PRC
for a portion of its oil production as well as concessions for oil expiora -
tion and development within mainland China (see Figure C. 12 (28)
Recently an agreement was negotiated that would provide for delivery
of as much as 3.5 million kiloliters of crude oil from China's large

Taching field beginning in 1974, 2% 3¢

In 1972, PRC was reported to have asked Japanesz companies
to design a 745-mile pipeline that wouid bring crude oil to the coast
from inland fields to permit export by tanker. Although PRC has agreed
to sell oil to Japan, a Japanese trade deiegation to PRC reported carly
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this year that Chou Eu-Lai docs not intend to permit any foreign par-

ticipation in its oil and gas exploration or development, (31) More recent

reports, however, inaicate that several Americarn otl and equipment

comparies have been invited by PRC to discuss assistance in develop-

ing offshore areas, and suggest that China's previous declarations

applied specifically to Japan rather than to other foreign countries.

Further, there has been speculation that Japan may have been a silent

partner having direct interests with Amcrican companies negotiating

with prC. (32!
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C.3.6 Indonesia

Japanese efforts to develop control over its own sources of
oil have met with moderate success in Indonesia. During the past ten
years, Japan's North Sumatra Oil Development Corporation (NOSODECO)
has drilled several hundred producing wells in the Rantan, Paluh
Tabuhan, and Tandjungpura fields (Figure C,13). NOSODECO has pro-
vided equipment and technological assistance to Pertamina, the Indo-
nesian state-owned oil company, in return for which Japan received a

portion of oil production. Exploration continues in these fields.

JAPEX, in partnership with Union .Oil of California, is develop-
ing the Attaka field offshore eastern Kalimantan. Current production
is about 4. 4 million kiloliters and is expected to rise to almost 6 mil-
lion kiloliters in 1973. (13) Attaka is reported to be the largest single
offshore oil field yet discovered in Indonesia.

Another Japanese consortium, the Japan-Indonesian Oil Com-
pany, recently signed an agreement with Pertamina to receive nearly
6 million kiloliters per year of crude oil, partly in return for develop-

mental loans and credits extended by Japan. (33)

Indonesian oil has extremely low sulfur content (0.1 percent)
which is especially attractive to Japan who needs an environmentally
acceptable fuel. Japan has provided more developmental loans in

(34)

Indonesia than in any other Asian country.

C.8.7T Iran

In mid-1971, Japan received her first oil concession in Iran
when a group of Japanese companries formed the [ranian Petroleum
Corporation and were awarded exploration grants to tracts in the prom-

- (13)

ising Lurestan region west of Kermanshah, It shares interest in
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the area with Mobil Oil and the government-owned National Iranian

Oil Company. Geological investigations nave continued for the past

year.

C.3.8 Egypt

The japanese North Sumatra Oil Development Corporation
had a drilling program underway in 1971 in a small concession in the

Gulf of Suez. No success has been reported.

C.3.9 Kuwait/Saudi Arabia/Neutral Zone

The Japanese Arabian Oil Company (AOC) has been produc-
ing oil from the offshore Khafjii and Hout oil fields since 1961 (Fig-
ure C.14). In 1971, produciion was about 20 million kiloliters.
Although production has declined somewhat in recent years, crude oi.
reserves are estimated at nearly 4 billion kiloliters and exploratory
drilling continues. The AOC owns and operates a 1.8 million kiloliter
(30, 000 b/d) refinery at the coastal terminal that is connected by a
30 million kiloliter (500, 000 b/d) pipeline with the offshore fields. (13)

C.3.10 Nigeria

The Japan Petroicum Corporation shares exploration conces-
{2/
g » . . . ] (35
sions on shore with American, West German, and Nigerian firms. :

Exploratory drilling in offshore leases have met with some success

7

{
although no production has begun. i
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C.3.11 Okinawa

When the Ryukyu Isiands reverted to Japan in May 1972, there
wag a reorganization of the existing oil companie; on Okinawa to pro-
vide for Japanese priorities in the existing international companics
that had beer: cperating there during the U.S. administration. No oil
has yet been discovered in the Ryukyus, but several seismic surveys
have been made that suggest that the island may have a goed oil poten-

tial.

C.3.12 Peru

Japsn's Andes Oil Company reached an agreement with Peru

early in 1973 for a 4000 square mile exploration concession in the upper




Amazon basin. (37) Any discoveries made in the area would require

pipeline coastruction to reach Pacific ports.

C.3.13 Qatar

The Qatar Oil Company, composed of seventeen Japanese

companies, has a 3000 square mile concession offshore that has had

promising tests and from which substantial production is expectecd (Fig-
, are C. 8).

C.3.12 Thailand

Several Japanese groups are partners with several foreign

companies i onshore and offshore exploration leases in southern Thai-

land (Figure C.13). No oil discoveries have been made yet in the Gulf
(38)
d.

of Thaiiand, although promising tests have recently been reporte

C.3.14 USSR

Western Siberia is forecast to become the principal oil -

producing area of the USSR by 1975 and to continue as such at least

until the year 2000. Within the past dozen years, a cluster of giant

oil fields has been discovered in the West Siberian Basin around the

middle portion of the Ob River in Tyumen Province (Figure C. 15), (39)

Shortage of pipeline capacity and lack of adequate rail and
highway networks have been the main constraints on oil production, but
construction of large pipelines to the east as well as to the west is
rapidly easing this constraint. Portions of a trans-Siberian pipeline
system from the Ob River oil fieids are currently under construction:

500 miles of 48-inch trunk line were completed in early 1972, and con-

structic~ of pipeline and associated refineries are currently underway
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as far east as Irkutsk, aear Lake Baikal. The extension of pipeline
eastward to the port of Nakhodka on the Sea of Japan is in an advanced
planning stage; the Bechtel Corporation (U.S.) is reported to be pro-

viding technical assistance to the USSR government. (40)

No completion date has been announced, but such a trans-
Siberian pipeline would make West Siberian oil readily available to
Japan (as well as to west coast United States); Japan, therefore, has
shown strong interest in participating in the project. West Siberian
production has been forecast to rise from 140 million kiloliters in 1975
to 270 million kiloliters in 1980 tc ~early 600 million kiloliters by the
year 2000. (41) This makes West Siberia capable cf becoming a majer
future supplier of oil to Japan. Japan has expressed a aesire to obtain
about 60 miliion kl of crude oil per year (.564 x 1015 kcal) which USSR
has reported ac possible by 1975. v If this were reached, it wouid
mean that  are than 40 percent of the anticipated production of the West

(40)

be supplying more than 15 percent of japan's total energy needs by that

Siberian fields would be going to Japan, and that these fields would

time. A potential drawback to poilution-coascious Japan, however, is

1
the relativeiy aigh sulfur content of West Siberian oil. (13)

A projection of this same perceantage tc the year 2000 shows
Japan receiving more than 200 million kl per year (2.23 x 1015 keal) or
more than 20 percent of her estimated energy needs. Presumably by
this time USSR domestic requirements as well as those of other foreign
markets will have increased to a point that reducing Japiu:t's share of
this cil, but still West Siberia has the capability of being an important

element in Japan's new energy sources during the next 25 years.

The long standing dispute between USSR and Japan over the
Habomai Islands, four small islands north of Hokkaido, is not expected

to affect negotiations between these countries for Siberian oil.
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C.3.15 Black Sea Oil

Japanese imports of crude oil frnrm Russian Black Sea ports
were cut off by the closing of the Suez Canal in 1967. The loss was
covered, however, by an international cooperative agreement whereby
the Soviet oil to Japan was replaced by oil from Iraq and Iraq's West
European markets in turn received equivalent amounts of Soviet oil.

In effect, this obviated the need for oil transport through Suez to Japan
and made mbre efficient the transportation of oil from Middle East

sources to Far East markets.

C.4 Potential Political Problems Associated with Japan's Search
tor Qil

C.4.1 Eastern Asia

Reconnaissance surveys in 1969 suggest that large potential

o1l resources may exist on the continental shelf in the Yellow Sea and

(

data, it has been estimated

£3) On the basis of preliminary geologic and geophysical

(44)

he comparable to those of the Persian Gulf area (i.e., in the range of
17 to 175 billion kl). (15)
Republic of China (PRC) support further these estimates of a high poten-

the China Sea.

that potential reserves of this area may
Discoveries of oil iit coastal areas of Pcoples

tial for the offshore areas.

Based on the preliminary surveys, Japan, Nationalist China,
and South Korea have irlependently granted exploration concessions in
these offshore areas to various foreign companies. Because of the
irrepularity of coastai configurations, the distribution of a large num-
ber of islands in the area, and the ambiguities of international law, the
offshore claims by these three countries oV'erlap(45) ‘Figure C. 16) and
have been the subject of disputes that have become increased in signifi-

cance as has the interest in oil exploration of the area.
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Loundary disputes first occurred in 1970 when South Korea

granted a concession to Wendell Phillips tc explore in the Korea Strait
and the East China Sea, This concession vverlapped an area claimed
by Japan wherc several international companies in which Japanese firms
had interests were seeking concessions from Japan. (46) Early in 1973,
South Korea and capan reached an agreement on territorial bourdaries
in the Korea Strait and cn joint exploration for oil in a 234, 000 square
mile area of the East China Sea south of the strait. (47) Nationalist
China bases extensive of{shore territorial claims in the East China Sea
on its claim of sovereignty over the Senkaku Islands. On the basis of
this claim, Nationalist China has granted permits for exploration over
much of the continental shelf surrounding tc Senkakus. In addition,
following the reversion of the Ryukyus to Japan, Japan has also claimed
the Senkakus.

PRC has not yet been involved in offshore concessions but may
represent a source of future conflict regardless of the resolution of the
conflicts among the other three countries, Taiwan had granted several
exploration concessions for seismic work in the East China Sea. In
1971, however, seismic work was halted after PRC announced its claim
to offshore waters around Taiwan and the Senkakus and the U.S. State
Department told Taiwan that the U.S. could not intervene if seismic
ships were seized by PRC. PRC, in addition, has objected to the settle-
ment of the Japan-South Korex boundary in the Korean Strait, citing its
territorial claim to waters 200 miles offshore, based partly on its
claim of sovereignty over such offshore islands as Taiwan and the Senka-
kus.

Because of PRC's unresponsiveness to Japanese interests in
exploration and development for ¢il in mainland China, it is expected
that Japan might support the claims of countries other than PRC in poten-

tial offshore oil areas of the Yellow and China seas.
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C.4.2 Japanese Northern Islands

The Habomai Retto, four small islands off the northern coast
of Hokkaido, have been the subject of territorial dispute hetween USSR
and Japan for the past 25 years. These four islands had been traditionally
part of "mainland" Japan but were occupied by USSR after World War II
and are claimed as Soviet territory. Currently, the dicposition of acqui-
sition of the Kurile Islands and these islands is a major obstruction to
the signing of a Russian-Japanese peace treaty. The Soviet Union
offered a compromise but it is a strong nationalis.ic issue to Japan and
there are no indications that Japan would accept anything less than all

{48)

of her former territory.\

Current Japanese oil exploration activities extend arcund parts
of the northern coast of Hokkaido (Figure C.17) but do not reach the dis-
puted islands. The islands lie within the East Asian continental shelf
and in the future may give rise to critical claims for territorial off -
shore waters and escalate the dispute far al.ove the current issues based

on national pride and national defense.

C.4.3 Gulf of Thailand

Conflicting territorial claims for areas of potertial oil resources
in the Gulf of Thailand (Figure C. 18) crealc the possibility of mure seri-
ous future conflicts when oil discoveries are made. The offshore contin-
ental shelf areas bordering Thailand, Cambodia, and South Viet Nam
have large potential oil and gas resources, estimated to be in the range

of a few hundred million to more than a billion kllohters.( ) aithough
there is currently no petroleum production nor bave any discoverics

been made. This potential hus attracted the interest of Japanese oil

(49)

groups as well as other international oil companies.
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Thailand has awarded exploration licenses to 2 number of for-
eign oil companies, including two Japanese groups, for the entire Gulf
of Thailand. (13) Cambodia had previously granted offshore exploration
concessions to a French company in the eastern portion of the Gulf of

about 15, 000 square miles, much of which has since been relinquished.

About 4, 000 square miles of the area claimed by Cambodia, however,
overlaps Thailand offshore claims. In addition, South Viet Nam offshore
f ' claims overlap about 20, 000 square miles of Cambodian claims. Cam-

' ; bodia is preparing to open its offshore areas for international explora-
tion bids; South Viet Nam has not yet granted any exploration conces-

sions, but bids for offshore concessions have recently been received

from major oil companies of six countries, including Japan. (30)

Offshore jurisdiction between Cambodia, Malaysia, and Indo-
nesia also remains unsettled and is a source of potential future conflict
as the oil potential of these regions becomes better known. Although
there is no evidence that Japanese companies have been seriously
involved in such territorial disputes, Japan's position in the future can

be expected to be sirongly governed by her consideration of the area as

s £ o e

a future energy source.

C.4.4 The Malacca Strait

The Malacca Strait, a narrow, relatively shallow channel lying

between Malaysia and Sumatra (Figure C.19), has become an important

oil tanker route between the Middle East and Japan. Malaysia and Indo-
nesia both claim a twelve-mile limit for offshore territorial waters and
therefore both claim a portion of the entire width of the Malacca Strait. (51)
The two nations are seeking to exercise joint control over shipping in the
Strait. During the past year or so they have been seeking international

support, chiefly from the so-called "non-aligned” nations, to ban tankers
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having a capacity of greater than 200, 000 dwt or a draft of greater than
25 meters.

Because of the added length and costs of alternate sea routes,
Japan has ofiicially claimed that shipping in the Srait should not be
restricted. Her claim has received support fron: the United States,
USSR, and Great Britain, the Peoples Republic of China has supported

Malaysian and Indonesian claims. ) At the same time that it is

restricting shipping through the Malacca Strait, Indonesia is requesting
financial assistance from Japan for domestic oil development. Although
Indonesia has potential resources to >apply a large percentage of Japan's
imports in the future, there are no prospects that Indonesian oil could
reduce Japan's dependence on Middle Eact oil to an extent significant
enough to reduce Japan's interest in keeping the Malacca Strait open to

larger tankers.




Appendix D

SUMMARY OF JAPANESE SOURCES
OF NATURAL GAS

D.1 Gener?:_l_

Japan has a limited production of natural gas from domestic
gas fields and is turning more und more to imports of liquified natural
gas (LNG) to satisfy the demand for clean fuei for electrical generating
plants around major cities. Domestic gas as well as LNG imports
accounted for about 1 percent of the energy consumed in Japan from

petroleum sources in 1971,

Tolal world energy resources represented by estimated reserves
of natural gas {about 470 x 1015 kilocalories) are only about one-fourth
of those represeited by reserves of oil (about 1823 x 1015 kilocalories). s
However, over 90 nercent of oil reserves are located in countries with
low domestic energy demands whereas only about 60 percent of the world
gas reserves are in such areas. Natural gas, therefore, constitutes
far less a resource than oil, but has a higher portion of its resources

in areas that have a high demand for it. This. plus the fact that natural

! gas is preferred for economic and environmental considerations in the
heavily popuiated industrial nations, means that the world demand for
gas is expected to accelerate in comparison to the demand for oil.
Because this 1s especially true for Japanese energy needs, future con-
flicts over resources and markets for natural gas may be out of propor-

tion to the absolute share of the energy market that it represents.
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D.2 Domestic Sources

Japan has a long history of domestic gas production from
maiy small fields, mostly occurring in association with oil fields
2long the western coast of Honshu and Hokkaido Islands and in a dry
gas field in the Chiba fields east of Tokyo on the eastern coast of Hon-
shu (Figure D.1). Production has been through many small welle; gas

fields are subject to relatively rapid depletion.

Although domestic production has risen from 600 million to
2.4 billion cubic meters in the past ten years (Table D. 1), the rate of
exnloration has beea very low both on land as well as in offshore areas.
Proven reserves in 1971 were about 10 billion cubic meters, or only
about four years worth of production at the 1971 rate. By one measure
of the potential offshore oil and gas resources. the area of continenta’
shelf adjacent to territorial coastlines, Japan ranks tenth cmong the
nations of the world. The rank is shown in Table D. 2, which accounts
for two-thirds of the world's continenta! shelf area. (53) Although
reserves normally rise slowly as production increases, and Japan is
estimated to have ultimate potential resources in the range of 300 to

(15)

tioir is not expected to rise at a rate that would give domestic natural

3000 crillion cubic meiers in onshore aad offshore areas, produc -
gas 1 significantly larger share of Japin's energy market during the
rest of this century.

Modest exploration including geologic, geophysical, and explora-
tory drilling activity for oil and gas is being carried out by Japanese
companies, chiefly the Teikoku Oil Cc- * any and the government con-
trolled Japan Pctroleum Development Corporation (JAPEX). In off-
shore areas, exploration concessions have been granted to foreign com-

panies, but only as minority partners with Japanese companies. Offshore
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Table D.1. Japan: Natural Gas Production, 1960-1971

-1

Quanti
Year (109 m%
1960 0.4
1961 0.6
1962 0.9
1963 1.4
1964 1.3
1965 ) .3
1966 1.3
1967 M,
1968 1.4
1969 1.9
1970 1.7
1971 2.4

Source: Reference 15

Table D.2. Areas of Continental Shelf by Country

Area
Country (Sq. Nautical Miles)

Canada 846,500
| Indonesia 809,600
Australia 661,600
United States 545,500
USSR 364,300
Argentina 232,200
China (PRC) 230,100
Brazil 224,100
United Kingdom 143,500
Japan 140,100

Source: Reference 53




—

concessions and exploratory wells iu 1971, as shown in Figure D. 1,

indicate the major areas of activity for gas exploration in Japan,

Most natural gas fields, existing and prospective, lie beneath

coastal lowlands or beneath the continental shelf adjacent to such low-
lands. Because of this relationship, most domestic natural gas in Japan
is consumed largely by petrochemical industries located near the pro-
ducing gas fields. Lesser amounts are used for city gas in Tokyo and
other local cities and for electrical generating plants. LNG is imported
exclusively for use in electric generating plants of Tokyo. The patterns

of supply and consumption are shown in Figures D. 2 and D. 3.

D.3 Imported Natural Gas (LNG)

Increased imports cf LNG figure prominently in Japanese
energy resource planning, even though the total portion of the future
energy resource base represented by gas is not likely to be high. Cur-
rent energy projections by Japan anticipate a rise in LNG imports from
about 1 million metric tons in 1971 to ab)ut 18. 1 million metric tons in
1980. In the projections developed for this study, LNG consumption
would equal 3 percent of the energy derived from petroleum, in 1980.
Growth in LNG imports during this period would be based on a continua -
tion of imports from Alaska (which have been going on since 1969), and
Brunei (which started in late 1972), combined with anticipated imports

irom Abu Dhabi and the Soviet Union as shown in Figure D. 4. (5)

All imports of LNG are currently being obtained through firms
in which Japan has full or controlling interest. Because of the specialized
transportation and processing facilities required for LNG, and the aggres-
sive biduing by Japan for foreign natural gas supplies, the future should

see extensive Japanese investments in the major gas exporting countries

M
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Figure D.4. Projected Japanese LNG Imports, 1970-1985

in pipelines, liquificaticn plants, and port facilities, in addition to the
already massive LNG tanker construction effiort. Such complete net-
work of control of production, processing, and shipping and the fact that

much of tl e processing is done before the LNG reaches Japan, permits
a much tighter coordination of production and consumption than is the

case with crude-oil imports.

A major constraint on importing LNG is the extremely high
transportation and processing costs; these costs limit the economic

competitiveness of LNG on the international market. For Japan, this

has meant temporarily abandoning some LNG-import plans from the

Middle East while giving more serious attention to such circum-Pacific

sources of natural gas as Brunei, southern Alaska, and eastern Siberia.
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There is no doubt, however, that because LNG is an environmentally
preferred fuel it will make up an increasingly larger portion of Japan's
energy resource base in the 1980-2000 period. LNG is currently con-
sumed exclusively in city utilities; existing contracts for LNG from
Alaska and Brunei are with the Japanese utility companies Tokyo Elec-
tric, Tokyo Gas, and Csaka Gas.

Japan i now pursuing intensive negotiations throughout the
world for additional LNG supplies. Most areas of interest are in off-
shore gas fields which will require large investments in pipelines and
processing facilities., Japanese companies are actively involved in
seeking additional LNG supplies from most areas of the world where
natural gas discoveries have indicated large reserves, and where coun-
tries do not have large energy demands. 1In addition to Alaska and
Brunei, Japanese interests in natural gas have been indicaied in Abu
Dhabi, Africa, Alaska, Australia, Brunei, indonesia, Iran, Neutral
Zone, and USSR. These areas are loccated on the accompanying maps
(Figures D.5 and D, 6) and are briefly described below.

D.3.1 Abu Dhabi

Japan plans to begin LNG imports from Abu Dhabi in 1976.
Abu Dhabi, the largest of the seven semi-independent Trucial shiekdoms
along the southern coast of the Persian Gulf, has offshore reserves of
natural gas estimated at 283 x 109 cubic meters (202 x 106 metric tons
LG

construct processing and shipping facilities on Das Island.

but currently has no production. Studies are underway to

Agrecments have been recently announced that will provide
for shipments beginning in 1976 of 3 million tons of ILNG per vear from
the Umm Shaif gas field under a 20-year contract with Tokyo Electric

(54)

Power Company.

101




|
d

2251

]
A
i
i

1
H

uodof 10§ SDO) 22O JO $324n0G Buyysixy ¢ @unbig

1aunag
oSOy “49]u) 400D
mﬂ_ﬂmu_ 2ysawog

wvzde

‘u~h§1—-h v

——e g

“ l\.L.
_

|

——

i

——dm s

=

102




undof Joy SLO) |DINDN

bl DLAYS i503
: PuDJS| utjoYies
1aunig
Bi|oAsNY

B U ———

40 $204n0¢ 3INYn4 *9* g 3unbry4

pJjowng
1G99G nay
upy
Diaabipy

i
_.
|
M

cr g i s e o}

LLERT R R

(S
R
Ve

X

|

- e 4

e ®

103




|
|

D.3.2 Africa

The Japanese-owned Japan Petroleum Company (Nigeria), Ltd.,
has major offshore concessions in Nigeria and in the Congo. Although
no production or imports have begun from these concessions, good dis-
coveries of low-sulfur oil have been made; proven reserves of natural
gas in these offshore areas are 280 billion cubic meters (which equals
200 million metric tons of LNG)\!®) with potential resources estimated
as high as 3000 billion cubic meters.

D.3.3 Alaska

Japan currently imports about a million metric tons of LNG
from the Cook Inlet gas fields in southern Alaska. This represents
the bulk of the production of natural gas from these fields, with the
exception of small amounts used locally. Estimates of natural gas
reserves in Cook Inlet are 120 trillion cubic feet (3. 36 trillion cubic
meters). (5% Additional processing facilities would be needed to increase
LNG production.

D.3.4 Australia

Australia has gas reserves estimated at 700 x 109 cubic meters,
including both onshore and offshore areas. Continued discoveries indi-
cate that Australia could become a major world exporter of LNG.

Although Japan has no exploration, production, or refining
interests in Australia, discussions are underway concerning the possi-
bility of Japanese imports of LNG from an international group of oil
companies that is currently developing high potential gos fields off the
northwestern Australian eocast. Estimates of these fields, Jor which

: 9
Japan could become the major customer, has put reserves at 140 x 0
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cubic mcters. Japan would probably become the chief developer of the
necessary LNG facilities, costs of which have been projected from 500

(13)

million to a billion dollars.

D.3.5 Brunei

Brunei is now the chief supplier of LNG to Japan. In 1970, a
20-year contract was negotiated by Japanese utility companies to pro-
vide 1.5 million metric tons of LNG per year and in 1972 another con-
tract for 2.7 million metric tons was signed; maximum shipments will
be reached in 1975. The gas is being sold by Brunei Shell Petroleum
Ltd.; the LNG liquification facility in Brunei is jointly owned by the
Rrunei government and several foreign oil companies including Mitsubishi

of Japan. Gas reserves are estimated at 212 v 139 cubic meters. L

D. 3.6 1Indonesia

Negotiations between the Japanese-controlled company with
hoth a private as well as the Indonesian state-owned company are cur-
rently underway aimed at supplying about 1 million metric tons of LNG
per year from the gas fields of the Arun area of North Sumatra, begin-
ning in 1976, o This would require extensive Japanese investments

in pipelines, liquification plants, tankers, and port facilities in Sumatra.

D.5.7 Iran

For the paci fev' years, the Japanese government has expressed
interest in a joint venture to obtain LNG from Iranian gas fields in the
Persian Gulf. Iran has offshore reserves of about 5700 billion cubic
meters of natural gas (4. 07 billion metric tons of LNG) and potential

resources of as much as 30, 000 billion cubic meters (20 billion metric

105




tons of LNG). (15) With an annual production in 1971 of about 37 billion

cubic meters (26 millioi. metric tons of LNG), (13) Iran represents a

potential major source of LNG for Japan.

In late 1972, however, it appeared that prohibitive costs involved

in processing and transporting LNG under existing market conditions

(5)

would iead to the abandonment of the project. } Later reports indi-

cated that negotiations were still underway aimed at supplying 5 million

metric tons of LNG per jear heginning in 1977. o

In any case, it
appears reasonable that Iran will eventually become a major supplier

of LNG to Japan.

D.3.8 Neutral Zone

The Japanese Arabian Oil Company is currently undertaking
vigorous offshore exploration in the Dorra gas field in the Persian Gulf
off tha Neutral Zone. This field is believed to be one of the largest in
the Middle East with a potential production of 10 million metric tons of

LNG per year. (29)

D.3.9 USSR

Large deposits cf natural gas have recently been discovered
in the Vilyuy Basin north of Yakutsk in eabte"n Siberia {Figure D. 7).
Proven reserves are about a trillion (10 ) cubic meters {700 million
metric tons LNG) and potential resources have been estimated at 13

trillion cubic meters (9 billion metric tons LNG).

The East Siberian gas fields are remote from domestic mar-
kets and so there is a need for foreigi markets outlets. Since the first
discoveries in the Vilyuy Basin, Japan has made kaown it interest in

a natural gas pipeline from the Yakutsk area to the coast. Late last
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year, USSR and Japan came to an understanding that Japan will purchase
15 biliion cubic meters of gas per year (10 million metric tons LNG)
beginning in 1978 and that joiit development will also include the United
States in addition to Japan and USSR. Lk Recent agreements hetween
U.S. companies and the Soviet Union, however, made no mention of

Japancse participation in a joint venutrc with the U. S,
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In addition to the Vilyuy Basin, large poterntial resources of

]l natural gas exist in the continental shelf off Nortn Sakhalin Island and

] are currently subject of intensive exploration activities. As the near-

est market for such gas, Japan has for several years shown }rllge)rest in
No

firm proposals or plans are known, however, to construct such a pipe-

2 pipel.re to bring natural gas irom North Sakhalin to Japan.

line.
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Appendix E ,}

NUCLEAR ENERGY GENERATION 5

E.1 Background Information 1

The primary nuclear energy material for present reactors
is uran‘um ore. Only the uranium -235 isotope of the uranium ore
will fission and release energy, and the uranium -235 isotope occurs
naturally as only 0.7 percent of the total uranium. For use in present
day light water reactors, LWR's, the U-235 isotope must be concen-
trated about 4 tinies to around 3 percent in fuel enrichment facilities.
The remainder of natural uranium is uraniam -228 which, while it does
not directly fission to an appreciable extent, is converted to fissile
plutonium isotopes through transmutation, In present day LWR's with
partial recycle of il'e plutonium produced, about one-half of the total
energy released in a reactor will come from the U-235 and one-half

rom plutonium which was created from the U-238 content of the

uranium,

As noted above, present LWR's, such as those Japan is

presently using, obtain an appreciable amount of their energy

directly irom the rare U-235 isotope and only a small amount of the
much more abundant U-238 isotope is ultimately used to nroduce
energy. That is, present LWR's are inefficient in converting U-238
to a fissile form (plutonium}, Japan is actively pursuing a program
to develop advanced convertor reactors which would convert a greater

fraction of the U-238 io plutonium for fissioning. Such reactors would

reduce the requirement for vranium ore by several fold, Japan is
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also z.ctively pursuing the development of a breeder reactor, i.e. a
reactor which converts the non-fissile U-238 to fissile fuel faster
than the original fissile fuel is used up. Breeder reactors do not

create something for nothing, but do make the total uranium content,

U-235 plus U-238, available as fuel., Development of convertor and
breeder reactors wiil greatly reduce the amount of uranium ore
required and at the same time make power production much less
sensitive to fuel costs. These are decided advantages to a nation

such as Japan with limited, low-grade uranium resources.

One of the obvious advantages of nuclear fuel lies in the
relatively large amount of energy obtainable from a small amount of
fuel. As a consequence the frequency and aimount of fuel needed in
refueling is greatly reduced. To quantify this difference, note that
a typical 1000 MW electric LWR generating plant will require about
170 metric tons of natural uranium for a year of continuous operation,
while a 1000 MW fossil-electric plant would require about 1, 2 x 107
bbl/year. To supply the conventional fossi! plant woul” require five
350,000 ton shiploads of oil, while the nuclear fuel could be shipped
in a single small freighter, or even air freighted. ™n terms of the
enriched uranium fuel which Japan would actually ship (Japan at
present has no enrichment facilities and is entirely dependent upon
the U. S, for enriched fuel), the nuclear fuel requireinent would be
further reduced to about 40 metric tons/year. Further, because of
its high enexrgy density, a substantial amount of energy in the form
of uranium fuel can be readily-stockpiled. Thus, a viable nuciear
industry ofiers Japan an energy source whase fuel supply is iess

vulnerable in crisis situations than are cenventional fuels such as oil,
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A further advantage of nuclear power generation is that
power costs are not strongly affected by uranium costs. That is,
for a typical 100 MW electric LWR tctal nuclear fuel cycle costs
amount to only about 20 percent of the total cost of generating and
transmitting electricity (only about 2 mils/KWH out of a total ge
generating cost of 10 mils/KWH). Of the total fuel cycle costs only
about 1/3 are due to the cost of the uranium ore itself. Thus, if
ura..rum ore prices were to double from the present level of $8 per
pound U308 to $16 per pound U308’ power costs would be affected :
Ly less than ten percent. This is quite important to a country such
as Japan which must depend upon others for the uranium ore supply
in that it means, within reasonable ranges, increases in nuclear fuel
costs will not retard the growth of nuclear power. In the future when
breeder reactors are introduced the requirements for uranium ore
will be reduced to the point that uranium costs will be insigificant
even at levels of 10 tens times present fuel costs. This means while
Japan's presently known uranium reserves are not of sufficient
quality to be economical for use in LWR's, they wi.l be usable ina

breeder reactor economy.

The fact that fuel costs are only a small fraction of the
total nuciear power generation cost is a corollary of the fact that
nuciear piants are capital intensive. A nuclear reactor requires
iarge amcunts ot capital and a long lead time to complete. urther,

unlike conventional thermal systenis in wiich essentially only a

generation plant need be built, nuclear power requires the construction

of 2 whole series of fuel cycle facilities as shown in Figure E.1. Japan

is presently developing capabilities in fuel fabrication and tuel

reprocessing, and presently has the capability to build U. S, designed
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nuclear reactors. However, primarily due to treaty restrictions, the
development of enrichment facilities which could be used for making

weapons material has not yet begun in Japan. Presently Japan is

entirely dependent upon the United States for enriched uranium fuel.

Thie large amounts of capital needed and long lead times
associated with nuclear power are a definite disadvantage in terms
of being able to quickly increase capacity. Thus, while nuclear
Power is not as sensitive to changing fuel costs, it is also not flexible
enough to meet short-term crisis demands for more power.,

Nuclear reactors also have certain environmental advantages
and disadvantages in relation to conventional thermal power plaats.
The chief advantage being that nuclear plants do not emit combustion

products, Japan is increasingly becoming more environmentally

aware and pressures to reduce air-borne emissions of combustion
products will begin to strongly influence power generation policies,
In particular, steps to reduce sulfur emissions coupled with an in-
creasing difficulty in obtaining low-sulfur coal and oil will give strong
impetus to Japan's nuclear industry. Nuclear reactors, however, do
create and release small amounts of radioactivity to the environment,

l These releases though they ruay create no obvious environmental

effects are apt to create sirong public fears. The consequences of
serious accidents associated with nuclear reactors are also very apt
to be very much more severe than any conceivable accidents at fossil
plants, Thus, while nuclear accident probabilities may be very low,
nuclear reactors often raise serious safetly concerns which are apt

t0 be reflected in dolays of building and operating nuclear plants,

113




Nuclear reactors are also at a disadvantage in relation to
conventiomal fossil plants in terms of thermal discharges. Present
nuclear reactors have thermal efficiencies on the order of 32 percent
while modern fossil planis have efficiencies on the order of 40 percent.
In addition, in a fossil plant, an appreciable amount (approximately
25%) of the waste heat is released up the stack with the exhaust gases
while in a nuciear plant essentially all of the waste heat is rejected to
the cooling water. The net result is that nuclear plants reject 50 to
60 percent more waste heat into the cooling water than do similar
electrical-output fossil plants. What with the growing concern in Japan
over thermal discharges into fishery areas, the high waste heat dump
of nuclear plants may place additional constraints on future nuclear
plants in Japan. Advanced reactor concepts, particularly sodium
cooled breeder reactors and high temperature gas cooled reactors,
have higher thern.al efficiencies than present LWR's and could reduce

the thermal effluent problem.

Nuclear reactors have a final disadvantage in relation to con-
ventional energy sources in that they are economicai only in very large
scale and are not easily adapted to many transportation and industrial
energy requirements, For this reason, it is doubtful if nuclear energy
will account for more than 25 percent of Japan's total energy require-
ment anytime in this ceutury, unless advanccd technology in many
other fields is developed. For iustance, the development of efficient
electrical storage or conversion systems (such as electroiysis of
water to produce hydrogen) cculd aliow the central generation of nuclear
power which could then be used in individual units such as cars, Japan
is presently pursuing an attempt io make practical the use cf heat from
nuclear reacters in industrial processes such 2s steel making. However,
to be practical this will require the development in Japan of advanced

high-temperature gas reactors.
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E.1.1 Historical Summary

As a resuit of World War II treaty restrictions and as a
result of the general aversion in Japan to nuclear development
following the war, Japan did not have any nuclear program in the
1840's or early 1950's. In fact, Japan's first nuclear reactor was
not completed until 1957 and was a simple pool-type resez.rch

reactor. It was not until 1965 that Japan had her first commercial
reactor, which was of British design and had an electrical capacity
of 166 MW. Starting in the late 1960's, however, Japan began an
active program to develop nulcear energy for large scale commercial
use. At present, all reactors built or being built for commercial
use, except for the first 166 MW British reactor, are light water
reactors (LWR's) of U.S. design. These reactors have been built

by Hitachi 2nd Toshiba under licensing agreements with General
Electric, and Mitsubishi under licensing agreements with Westing-
house. Through the remainder of the 1970's light water reactors of
U. S. design will probably remain the mainstay of the Japanese nuclear
power i.ngiusfry. The commercial reactoirs built or being built in

(58)

Japan arc listed in Table E, 1.

The installed nuciear capacity for generating electricity is
shown in Figure E. 2. As can be seen, the nuclear power industry has
goie from zero electrical capacity in 1965 to 1823 MWe at the end of
1972, 59

only accounts fcr 2 very small {fraction of the total electrical nower

As can be scen in Figure E. 2, however, nuclear power still

production within Japan, Thus, historically nuclear power cannot be
said to have piaved an important part in meeting the energy needs of
Japan, and through the remainder of the 1970< nuclear energy is not
apt to be a majcr energy source within Japan. However, Japan is a

resource-poor country with tremendous energy requirements so auclcar
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power is very important to Japan and is being pursued very vigorously.
By the turn of the century nuclear energy is expected to be the main
source <f electrical power in Japan, and is expected to be a significant

part of Japan's total energy production.

E.1.2 Projccted Nuclear Power Growth

' The SAI base case energy projections for nuclear power through
year 2000 are shown in Figures E.3 and E.4. As can be seen in Fig-
ure E. 3, installed nuclear-electrical generating capacity is expected
to show a rapid increase, with nuclear power going from about two per-
cent of total electrical generating capacity in 1971 to about 42 percent
of total electrical capacity in 2000. In terms of energy production*
rather than energy capacity, Figure E. 4, nuclear energy will be even
more significant since nuclear energy will eventually take over neariy

; the full base load production of electricity with other means of electri-

| cal production used primarily to meet peak demands. Thus, in terms
of energy production by year 2000 nuclear energy will account for 64
percent of total electrical production and 25 percent of the tolal energy

supply in Japan.

Through 1978, the Japanese Electrical Powsr Industry plans
for installation ot new power arc fairly fixed and amount to an increase
in total electrical capacity of about § percent per vear. Beyond 1978
the growth in electrical power in Japan will slow somecwhat, but electri-
cal power growth will conrfinue to be faster ihan overall power growih
through year 2000 due io the rapidly increasing demands of the consuimer

F segment of Japan,

*  Note energy production values in Figure E. 4 are electrical outpuls
ot sending end of electrical utilities, captive industrial electrical
power is not included.
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E.2 Nuclear Resources hequirements

E.2.1 Light Water Reactor Requirements

At present, essentially all of Japan's nuclear generuting capac-

ity comes from light water-moderated and -cooled reactor plants (LWRs).
Through the remainder of this decade, LWRs will most likely remain

the mainstay of the Japanese nuclear industry. The splii by reactor

type beyond 1980 is uncertain, but the maximum resource requirements
can be scoped by assuming a pure LWR economy through the year 2000.
To place an upper bound on uranium requirements, it will be further
assumed that there is no plutonium recycle to the LWRs. The vranium
ore requirements with the above assumptions are summarized in

Table E.2. To put these values in perspective, note that Japan's uran-
ium resources as discovered by 1969 represented only 7, 700 metric

tons of uranium. As a further means of putting Japan's uranium resources
in perspective, note that 7,700 metric tons of uranium used in LWRs
represents only 45, 000 MW years of electrical power which is equiva-

lent to about one year's eleciric power consumption in Japan at present
rates.

Toble E.2. Projected Japanese Uranium Requirements assuming Pure LWR
Industry with no Piutonium Recycle

Cumulative Uranium Cumulative Enrichment
Year | Requirements (Metric Tons U3Og)] Requirements (103 Kg SWU)*

1975 8,000 4,000
1980 35,000 17,000
1985 90,000 43,000
1990 180, 90 88,000
510,000 252,000

*Kg SWU = kilograms of Separative Work Units
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The uranium discovered to date in Japan is of low quality
which is not economically competitive, and Japan i supplying essen-
tially none of its own uranium at present. There are no indications
that the Japanese expect to find significant amounts of high quality ore
in Japan, and ro large-scale domestic uranium exploration efforts are
presently underway. In the preseni LWR -dominated nuclear industry,

Japan can be considered to have essentially no domestic uranium resources.

Unlike conventional fossil-fueled generation systems, nuclear
units require complex fuel-cycle systems to support the basic nuclear-
electric generating stations. In particular, LWRs require enrichment
facilities to convert natural uranium ore to enriched uranium fuel.
Japan at present has no fuel enrichment facilities and is entirely depen-
dent upon the United States for enrichment capability. The enrichment
requirements needed by Japan under the same assumptions used for the
ore requirements, i.e., all LWRs with no plutenium recycle, are given
in Table E. 2. Japan has just completed arrangements for purchasing
10 x 105 Kg SWU units from the United States for a cost of $32C million.
This should be sufficient to meel Japan’'s needs until the later part of
the 1970s. To place these numbers in perspective, note that at current
operating levels, the output of the entire gaseous diffusion plant com-
plex in the United States is abeut 10 x 108 Kg SWU/year (ihe ultimate

y
capacity of the current U.S. units is about 17 x 14 Kg SwJ/vear),

E.2.2 Advanced Reactor Reguirements

The incentive for Japan to develop advanced reacter types
which can greatly reduce uranium ore requirements and enrichment
requirements is very sirong, and Japan is vigorously pursuing a nationai
reactor development program to develop an Advanced Thermal Reactor
(ATR) and a Fast Breeder Reactor (FBR).
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The ATR design chosen by Japan is that of a light water steam
cocled, heavy water moderated reactor. The reactor is being designed
to operaie on a plutonium recycle requiring only naturai uranium and
] recycled plutonium for equilibrium operation. Such a reactor would

require no enrichment capabilities for equilbrium operation. The ATR

design would also be more efficient in converting the non-fissile uranium-
238 isotope tu tissile plutonium, and this combined with complete plu-
tonium recycle would significantly reduce the uranium ore :*equiremeuts.
The present plans call for the completion of a prototype ATR in 1974

and actual industrial use of ATRs beginning in 1980. The FBR design
chosen by the Japanese is similar to that being developed irn several
countries, that is a sodium-cooled fast breeder reactor. Development

of a complete fast breeder reactor industry would mean that no enrich-

ment facilities would be required and that the requirements for uranium

ore would be reduced by the order of 100 from that required by present
LWRs without plutoniuin recycle. Present plants cull for the construc-
tion of a FBR prototype by 1978 and the industrial use of FBRs by 1990,

The successful development of the advanced reactor types dis-
cussed above cculd alter the uranium cre and enrichment requirements
given in Table E. 2. To scope the probable effect of advanced reactors,
the requirements given in Table E. 3 have been calculated assuming a
very optimistic development of these advanced reactor types. That is,
after 1980 it is ussumed that commercial ATRs are introduced and that
by 1985 all new reactors which begin to operate are ATRs., After 1990

FBRs are assumed to be commercially feasible and by 1995 all new

reactors which begin to operate are assumed to bo FBRs, Since pres-
ent LWRs have assumed lifetimes of 40 years, ail LWRs presently
built or wliich will be built are assumed to continue to operate through

the year 2000. The resource requirement cnvelope for nuclear power
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Table E.3. Projected Japanese Uranium Requirements assuming Operation of
ATRs by 1980 and FBRs by 1990

Cumulative Uranium Cumulative Enrichment
Year JRequirements(Metric Tons U308) Requirements ('IO3 Kg SWU)~

1975 8,000 4,000
1980 36,000 17,0600
1985 88,000 40,000
1990 160,000 67,000
2000 i 300,000 120,000

*Kg SWU = kilograms of Separative Work Units

generation, based on the data of Tables E.iand E.2, is shown in Fig-
ure E.5, assuming the base case projection of nuclear power genera-

tion given in Figures E. 3 and E. 4 is met.

As shown in Figure E.5, Japan's requirements for uranium
and enrichment work will not be appreciably altered before 1985 by the
development of advanced reactor types. By year 2000, Japan's resource
requirements will greatly depend on technological progress made in the
development of advanced reactor types. However, even with the most
optimistic technological developments, the resource requircments by
year 2000 will be far in excess of known Jjapanese domestic resources

or already contracted for resources from other countries.

E.2.3 Uranium Ore Sources

In order to procure uranium ore, Japan made contracts for
mining and exploration activities with Canada in 1959, with the U.S.
and U.K. in 1968, and with France and Australia in 1972. The con-

tracts with the French are in cooperation with the Niger Government
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for development of uranium rescurces in Niger. Basic surveys are

also being carried out in Kenya and Somalia.

| At present, Japan obtains all her nuclear fuel from the United
States. If this sole source procurement relation were to continue,
uranium resource requirements for Japan and the United States through
1985 would be as shown in Figure E. 6. The uranium demands shown
for the United States are taken from the iatest official AEC forecast. (80)

The Japanese uranium requirements shown are based on the estimates
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made for a pure LWR nuclear industrv. Also shown in Figure E. 6 are

the assured U.S. reserves for three different price levels. It is doubt-

ful, of course, if Japan will continue to rely solely on the United States
to supply her uranium fuel but as can be seen in Figure E. 6, Japanese
uranium requircments wonld not be of sufficient magnitude to seriously
affect the supply of uranium for U.S. power needs. This is particularly
true since, as was noted in describing the nuclear fuel cycle, power
gereration costs for nuclear reactors are not greatly affected by raw
fuel costs. A doubling of the fuel cost from $8/1b to $16/1b would affect
the total cost of nuclear-generaied electricity bv less than 1€ percent.

[t should also be noted that the resource rigures given in Figure E, 6

are only for assured resources, the U.S. AEC presently estimates totai
proved plus potential U,S. uranium resources at 515 per pound or less
at 1, 146, 060 metric tens. Based on past estimates, the present esti-

mates are apt to be conservative,

Other assured uranium ore reserves in the world are given
in Tavie E. 4. Table E. 4 gives assurcd reserves estimated to be recov-
erable under $8/1h. The figures given are apt to be quiie conservative,
and could be expected to more than double if costs to $15/1b are consid -

ered acceptable to Japan. The total western world yranium ore require-

ments through 1685 are expected to be about twice the United States
uranium ore requirements, i.e., by 1985 the entire Western world
cumulative demand for uranium should be on the order of 900, 000 metric
tons. This is well within the estimated worid supplv of low cost uranium.
Thus, it appears that through 1985 Japan should have o problem meet-
ing her uranium ore requirements, It is alsc likely that Japan's increas-
ing efforts to secure other uranium suppliers than the United States will

lessen Japai's dependence on the U.S. for uranium ore.
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Table E.4. Potential Western Sources of Uranium
Ore for Japanese Requirements

P
Assured Uranium Reserves under 5871k
Country {Metric Tons U30g)
United States 250,000
Australia 130,000
Canada 230,000
South Africa 205,000

E.2.4 Enrichment Sources

Japan is presently entirely depenient upon the United States
for enrichment services, and has recently cuiitra:ted with the U.S. for
6
10x 10

This amount, however, will not be adequate to meet Japan's needs

Kg SWU worth of earichment services worth $320 million.

through the remainder of the 1970s and additional enrichmernt capabil -
ities will be needed by Japan before 198C. The planned curaulative sep-
arative work production by the U.S. AEC is shown in Figure E.7. The
production curve takes into account the planned U.S. enrichment expan-
~sion program, namely the Cascade Improvement Program znd Cascade
Uprating Program, to expand tne total U.S. enrichment capacity {rom
17,230, 600 Kg SWU/year to 27, 900, 000 Kg SWU 'year. Also shown in
Figurc E. 7 is the Japanese projected enrichment requirements and the
combined worldwide enrichment requirement, It is obvious from Fig-

ure E.7 that present U.S. enrichment facilities will rot he adequate to

meet worldwide demand through 1985.

The United States is aware that additional enrichment facilities
will be needed ir the early 1980s, and is presently negotiatiog with pri-

vate industry to allow private industry to build future gas diffusion
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enrichment plants. The U.S. is also negotiating with other countries,
notably Japan, on conditions under which there might be muitinaticnal
cooperation in future plants which would use U.S. technologies for
enrichment of uranit n fuel material by gaseous diffusion. However,
judging from the latest report by the Japanese Council on Uranium
bnrichment Technology Develcpment, the Japanese are unt optimistic
about receiving adequate infermation to permit them to develop a gas
diffusion enrichment capability. Japaa is bound to make ali such infor-
mation open to the public under the Atomic Power Basic Law, and does
not feel that the U.S. will provide adeguate information since almost

all such information is presently ciassified.



Japan may meet its enrichment needs between now and 1985 by
making additional purchases from the United States. Purchases of
30x 106 Kg SWU of enrichment, which would have met most of Japan's
need to 1985 were discussed with the U.S., but purchasing agreements
broke down when the U.S. AEC published a new policy requiring 2 down
payment and an obiigation to place firm orders well in advance of actual
delivery of the enriched fuel. The new policies are meant to provide a
firm commitment for enrichment which will allow private industries the
financial base on which to build additional enrichment facilities for tae
U.S. However, as a result of the new policies, additional enrichment

purchases by Japan from the U.S. are, temporarily at least, stalled.

Japan has an agreement with Great Britain for possible enrich-
ment services, and is negotiating a similar agreement with France.
However, to date only the United States has provided enrichment ser-
vices on a large-scale, commercial basis to other nations* and the
ability of Britain and France to meet Japan's needs are unknown. Addi-
tionally, Japan has agreements with a number of countries, most not-

ably Australia, for possible multinational enrichment ventures,

The Japanese Atomic Energy Agency has for some time been
studying the possibility of domestically manufacturing enriched uranium.
The Council on Uranium Enrichment Technology Deveclopmient created
by the Japanese AEC to study the problem has tentatively concluded that:

1, Japan can establish, as a national project, enrichment
plants by 1985,

XV

Tcp priority should be placed on the centrifugal separa-
ticn process as opposed to the gas diffusion separation
process.

* Very recently, France and the USSR indicated a willingness to pro-
vide enrichment services on a commercial basis, but the details on
their capabilities in this area are not yet knowr.
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Gas diffusion enrichment is inadvisable for domestic
plants. Japan should ccnsider using the gas diffusion

process only in international joint ventures and in foreign
countries.

Most work done to date on development of the centrifuge enrich-
ment process has been done by Great Britain, Germany and the Nether -
lands. A pilot centrifuge enrichment plant is now in operation, but
performance data have not been published. The United States has done

little work on the centrifuge enrichment process.

E.3 Ultimate Demand and Supply through 2000

As shown in Figure E.5, Japan's resource requirements

beyond 1985 are very dependent upon the type of reactor system and fuel

cycle which is used. Total resource requirements for the worst case in

which no country develops a commercial breeder reactor before year

2000 are indicated in Figure E. 8 against estimated total world reserves.

As can be seen from Figure E. &, it is not likely that by year 2000 that

there will be a shortage of reasonably priced uranium, even if advanced

reacter types are not commercially developed oy that year, Further,

it is very likely that Japan will have developes a breeder reactor by

year 2000 or before. With cornmercial development of a breeder reac-

tor, uranium ore requirements will be greatly reduced.

If Japan develops Lrceder reactors, it should be noted that

Japan's domestic reserves will become cconomically practical, and in
a pure breeder economy Japan's present known resources of 7,700 tons
of U308 would be adequate to gencrate 5.5 x 100 MW years of electrical
power. This energy would be sufficient to provide for Japan's total
clectrical demand for about 27} years at the demand level expected in
vear 2000. Thus, while jJupan's domestic resources is not significant
in a LWR reconoy, it may provide aua 2prnreciabie emergency supply

in a breeder reactor economy.
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A possible domestic source of uranium for Japan is sea water.
As shown in Figure E. 8, there is a tremendous resource of uranium in
sea water. The British carried out research on extracting uranium
from sea water in the 1960s and estimated recovery costs irom $11 to
3100 per pound.(sl) At present, uranium resources are such that recov-
ery of uranium from sea water is not economical even at the lower price,
but for breeder reactors uranium even at a cost of $100 per pound would
be economically feasible. Thus, sea water may in fact, prove to be a
practical source of uranium for Japan. Such a source would mean that
Japan would no longer be dependent upon others for its uranium supply.
Japan is in fact conducting much research in methods of extracting ura-
nium from sea water and may well develop practical methods by the turn
of the century.

Japan's requirements for enrichment services beyond 1985
may prove to be a more serious problem than her requirements for ura-
nium ore. If Japan fails to develop the centrifuge process by 1985 or
1990, and is still dependent primarily upon LLWRs, she may require
substantial help from the United States, either in the form of enrich-
ment sales or transfer of technology to allow her to develop a joint dif -
fussion enrichment plant. However, it is more likely that Japan will
be able to develop either advanced reactor types or enrichment facilities
before year 2000, in which case obtaining eariched uranium ore is not

expected to be a great problem.

E. 4 Other Potential Uses of Nuclear Energy

So far nuclear encrey has been projected to be used only in the
manufacture cof electricity. With such a resiriction nuclear energy,
even though it wili generate most electrical power by vear 2000, will

not be the dominant energy source in Japan. However, the Japanese

133




g e — T

are actively pursuing the use of heat from nuclear reactors for use
directly in industrial processes. At presen:, steam available from
present LWRs for industrial processes is available only up to about
200-250°C (400-500°F). At this temperature, uses fer the steam are
fairly limited. If 400°C temperatures can be achieved, desulfurization
of fuels and evaporation of crude petroleum can be achieved. Ata tem-
perature of 800 C hydrogen can be produced and used elsewhere for
almost all processes. At a temper ature of 1000 C coal can be gasi-
fied and iron ore reduced directly. The most feasible way to develop
these high temperatures would appear to be through the developraent of

the high temperature gac veactor (HTGR).

HTGRs are presently being built in the United States by Guil
General Atomic. These reactors would have to be deveioped somewhat
more if they were to be used as the sole energy Source in amn iron and
steel nanufacturing process, but research at the Japan Atomic Ener 5\
Research Institute (JAERI) has led the Japanese to believe that 1000 &
temperatures can be achieved by the use of HTGRs. Research on the
use of nuclear power for iron making is =1sc being dene in West Ger-

many, Great Britain, and other European communities.

The Nakamura Research Institute, the Iron and Steel Institute,
and the Institute of Energy Eccnomics have made a joint study of nuclear
iron making for the Japanese. The conclusion was that uuclear irou

making might be economically as well as {echnically feasiple.

The Japanese at present are not developing as a naticsal pro-
ject an HTGR. However, it is feasible, but not probable. that by 1985
they will have developed the capability to use HTGRs directly in iron
making and possibly other industrial uses. Technology -transfer from

the United States which is presently building HTGRs for production ol




electricity, might well speed development of nuclear iron making in

Japan,

The possible potential offered by the use of nuclear energy
directly in industrial processes is siiown in Figure E. 9, which shows
the present and projected energy uses in Japan. As can be seen from
Figure E.9, some 50 percent of Japan's energy requirements presently
go directly to industrial process ¢s. For purposes of illustration,
therefore, assume that by 1935 Japan has developed a practical nuclear
reactor whose heat can be used directly in steel and chemical industries.
and further assume that by 2000 50 percent of all of Japan's industrial
energy needs are supplied by direcl nuciear energy. If these projec-
tions were met, Japan's total nuclear energy nroduction would change

from that shown in Figure E. 4 to that shown in Figure E. 10.

The projections shown in Figure E. 10 are not meant to repre-
sent the most probable case, but are meant to give an upper bound for
the use of nuclear energy in Japan. As can be seen from Figure E.10,
nuclear energyv is not apt to have much effect on Japan's total energy
supply through 1985, but by year 200 nuclear energy could conceivably
greatly reduce Japan's need for vther energy supplies (primarily oil).
Thus, the potential represented by the use of heat energy from nuclear
reactors for steei and chemical indusiries is quite high, and in the 1970
Delphi Study, the Japanesc Scieace and Technology Agency placed the
development of nuclear heat energy for industriai uses just below the
development of fusion reactors, breeder reactors and commercial
enrichment plants in order of importance. Technology transfer from
the United States in the field of HTGRs might greatly aid the Japanese
in this field.
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If HTGRs are developed as heat sources for industrial uses as
shown in Figure E. 10, the resource requirements given earlier will
need to ke changed. The maximum resource requirements can be found
assuming the use of HTGRs implied in Figure E. 10, and assuming that
all HTGRs used are of present design rather than gas cooled breeder
reactors. (If gas cooled breeders were used, the additional resource

re quirements would be negligible.) The total resource requirements
are given in Table E. 5, and represent maximum requirements expected.
While the resource requirements for U3Og increase by the order of 50
percent by year 2000 from the projections given without HTGRs in use,
Japan's uranium ore requirements are still not of such a :nagnitude that
uranium prices should be influenced greatly. The HTGRs will also
require the use of thorium, but the requirements for thorium will be
insignificant in comparison to known reserves. However, the figures
do show, once again, that if Japan succeeds in rapidly expanding nuclear

power without developing a breeder reactor before year 2000, that she

Table E.5. Maxinum Resource Requirements assuming Use of Heet Energy from
Reaciors (HTGRs) for Industrial Resources as well as Use of LWRs
for Elecrrical Power

Cumulative Uranium Cumulctive Enrichment

Year |Requirements(Metric Tons U308) Requirements (10° Kg swu)*
1975 5,000 4

1980 35,000 7

1985 92,000 45

1990 202,000 105

2000 726,000 419

..... e T R T L e T T
Kg SWU = kilograms of Separative Work Units

J
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. will have substantial enrichment requirements. If Japan further fails
| to develop her own enrichment facilities, she may be very depencent

upon the U.S. for increasing enrichment services.

E.5 Special Problems

At present, Japan is able to construct a large commercial

nuclear generation station with a lead time of five years. That is, from
commitment to build to completion of building takes five years. In the
United States the lead time is eight years or more. Much of the differ-

] ence is due to the licensing difficulties experienced in the United States.
Indications are that Japan is apt to experience slowdowns in construc -
tion in the future much as the United States is presently experiencing
slowdowns. Any such difficulties will mean that the projections made
by the Japanese to the year 1585 wijl not be met. The SAI base case
projection assumes some slowdown in the growth of the Japanese nuclear

industry in comparison to the nresent japanese AET projections.

The problems apt to face the Japanese nuclear industry will
result irom several factors, but the key factors can be considered in

the context of four headings:

° Site selection

° Safety

° Radioactivity relecases
° Waste disposal

Site selection prebiems in Japan are apt tc become quite acute in Japzn.
To see this, note that by year 2000 Japan is projected to have an instailed
capacity of 210 x 10‘5 MWe, the equivalent of 210-1000 MWe plants. If

these planis were uniformly distributed throuchout Japan, they would be
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on 28-mile cenfers, i.e., one plant every 28 miles. Already opposition
by local populations to nuclear sites in their areas is becoming quite
common, and the question of siting is apt to become increasingly diffi-

cult in years to come,

Of course, many of the siting problems involved with nuclear
plants would exist for conventional thermal plants, but certain features
: such as heat release and radioactivity releases may make siting nuclear
: plants more difficult. LWR-type power plants in use today require
larger amounts of cooling water and discharge greater amouits of waste
heat to the water than comparatively sized fossil-fueled plants. Claims

of damage to fisheries from thermal discharges in Japan are receiving
wide publicity and limitations on thermal discharges are likely to occur.
Such limitations have already occurred in the United States. However,
experience in the United States has shown that cooling ponds or towers
can be constructed, without delaying the entire nuclear nower plant con-
struction, which will greatly reduce cooling requirements. Such addi-
tions do add to the cost of nuclear plants, but not to an unsurmountable
degree. It is quite possible that some future Japanese nuclear plants
will be constructed with cooling towers or ponds. Another possible solu-
tion would be to float large power plants on speciai barges in the ocean,
a concept being developed in the United States., Such concept, if it
proves feasible might be very appropriate to an island ration such as

Japan,

Racioactive releases from nuclear plants are generaily of

quite low levels, but in areas of high popu!ation, concentrations may
still result in relatively high integrated whole population deses. Public
l pressures against radivactive releases may force nuclear rcactors in

| Japan to be located in relatively remote sites, whict are relatively
scarce in Japan.
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The consequences of serious accidents associated with nuclear
reactors, such as those postulated to occur in a loss of coolant accident,
can be much more severe than any conceivable accident at a conventional
thermal piant. Thus, even though nuclear accident probabilities may be
very iow, nuclear reaciors often raise serious safety concerns in the
public. Such concerns are being increasingly voiced in Japan, and are
being usad by minority political parties in Japan as political issues. The
Japan Atomic Industrial Forum reports some success by minority parties
to use the nuclear safety issue to influence the elections in areas of
nuclear plant sites. Given the vague fears latent in the Japanese people
about radiation, it is not inconceivable that a moratorium might be
forced on the nuclear industry which would essentially shutdown all

nuclear construction for an appreciable length of time.

Radioactive releases from nuclear reactors are typically only
a small fraction of natural background radiation. hut since there appears
to be no "threshold" for radiation (i. e., no lower limited below which
there are no effects) even small a:nounts of radiation can be statistically
assumed to cause some effect. At present Jopan uses the limits for
radioactive releases set by the International Committee on Radiation
Protection (ICRP), i.e€., radiation nct to exceed 500 millirem/year to
a member of the general population. Arguments that this is too high
are being pushed by groups such as the Japan Scientists Association.
If the limits are changed to the new limits being proposed in the United
States (effectiveiy 5 millirem/year), additional costs and some delavs

will be encounterec by Japan in building nuclear reactors.

Disposal of radioactive wastes from nuclear reactors is one
which Japan will have to pay increasing attention as nuclear reactors
become more prevalent. To date Japan has done little work on develop-

ing means for radioactive waste disposal. Dumping wastes at sea will
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most likely be banned by international agreement in the fugure. Japan
may be somewhat limited in its options in comparison to the United

States which has several natural areas which have been proposed for
dumping of radioactive wastes, but the volume of high level wastes from
nuclear reactors is quite small and Japan may well be able to use methcds

or areas developed in the United States.

In summary, the nuclear industry in Japan faces many safety
and environmental issues which may slow its growth in future years
below present forecasts. The nuclear industry in the United States has
experienced a definite slowdown due to these safety and environmental
concerns by parts of the populace. It is even conceivable that a com-
plete shutdown of nuclear construction might occur in japan as the result
of political pressures or as a result of a serious reactor accident in
Japan.

E.6 Nuclear Energy Generation, Fusion

Nuclear fusion represents a nearly ideal, avundant power source
for a country such as Japun which has very limited convertional domestic
energy sources. For this reason, Japan is conductin research in fusion
areas. However, the Japanese dc not expect actuai crmmercial develop-
mnent of fusion power in this century and fusion power hasg not been con-

sidered in the enercy projections made in this report.

tudies of fusion began in Japan in the Japanese universities in
about 1957 and the Plasma Research Laboratory was formed in 1961 to

do basic research in plasma areas. However, it was not until very ]

recently that organized efforts have been started to specificaliy develop
a fusion reactor. Present funding in Japan for fusion development is

now at the level of a few million dollars compared with a proposed U.S.
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1974 fiscal budget of $44 M. Large increases in spending in Japan for
fusion research will probably not occur until the scientific feasibility
of fusion has been demonstrated, and suct a demonstration is apt to
come from countries such as the U.S. or the USSR which have dc .e
considerably more research in the fusion field. A demonstration of
scientific feasibhility is not expected to be achieved in this country untii
around 1980. Even given a successful demonstration of scientific fea-
sibility, many engineering problems will nced to be solved before a
practical fusion power plant can be built. Very little work on the engi-
neering problems associated with maintaining a strong magnetic field
produced by superconducting magnets in the vicinity of an intense ne* -
tron field and high heat loads has been done. The solution of the engi-
neering problems associated with building a practical fusion reactor is
apt to require large amounts of funding and many years of effort. A
demonstration of the engineering practicality of fusion reactors is not
expected in this country before 1990, and prototype fusion reactor con-
struction 18 not planned in Japan before year 2000. It does not appear
that even if scientific feasibility of fusion were demanstrated within
1973, that fusion reactors would be develcped to a true commercial

ievel before year 2000.

A possible exception which might lead to the development of
practical fusion reactors before year 2000 is the laser ignition approach
tc fusion. It is possible that very high powered lasers could be used to
heat deuterium-tritium fuel to high enough temperatures to produce sig-
nificant fusion without a confiniug magnetic field. Such a development
would reduce some of the eagineering problems foreseen for the plasma
fusion-type reactors, and might mean that rciatively sinall-scale fusicn
reactors would be economical. If laser ignition net power production

feasivility were to be demonstrated in the near future, fusion power
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might have a significant impact on world energy needs in all the advanced
nations, such as Japan, before year 200C. The very great impact such

a development could have on the need for oil reserves and supplies sug-

gests that more information on the progress of laser ignition fusion is
needed by energy planners planners in Japan as well as the United States.
However, the key aspects of work on laser-ignited fusion research in
this country are classified by the U.S. Atomic Energy Commissicn and
an accurate assessment of progress in this area is difficult to make.
There are no reports of significant research in laser-ignition fusion

being conducted in Japan.
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